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This ighe secondpublic release of the AESC 2021 Stddys documentipdates ancamends the
version originally released on March 15, 2021. The following text summarizes these changes.

1

Text inChapterl2: Sensitivity Analysis nowpopulated Corresponding textvasadded to the
SESOdzi A @S &adzYYI NB oAy iiKSa&w@WzoaSOGA2y GAGE SR 4
We updated text in Chaptet: Avoided Natural Gas Costdated to the calculation of the

mediumterm Henry Hub natural gas price forecast. Text in the March 15 edition referred to a
methodology used in earlier drafts. This text has now been updated to reflect our final
methodology We also modifiedext in the natural gas section of the Executive Summary to

reflect this update. We note that these are changes to the text only; all of the modeled avoided

costs are unchanged.

We darified which avoided transmission and distribution (T&D) costs aredadlin summary
tables likeESTablel. These tables only included avoided T&D costs related to pooled
transmission facilities (PTF) and do not include-Rdi avoided&D costs or avoided costs
related to local T&D systems.

We made a cosmetic correction to theaXis inFigurel?.

In SectiorB.1. Nonrembedded GHG co&ts G KS LJ- NI} I NJ LIKAES® 2068, 6 SAAYy A &7
the cost of avoided CQvas reported to be $68 per short tdhéwasedited for clarity.

We orrected a typographicarrorin Table56a 2 (0 K| (-9 §§i KSNBARK Y O2NNBOGf &
refers to Massachusetts, rather than Maine

Numbeing of figures, tables, footnotes, and pageaschanged due to the inclusion of new text
in Chapterl2: Sensitivity Analysasnd other edits throughout the documeén

We have corrected a formukrror in each of the AESC 2021 User Interface workbooktheon

sheetnamedi b 2 Yy 9 YO SaR®ERYPY LINF OG A OF f  ( Sexivedided GHGA & Ay Ol
cost for Vermont (assuming a New England marginal abatemenbesst)oy 1 percent. There

are no other changes to other regions. No updates were required to tables or text in this

document.

There are no further amendments, notes, or errata at this time.
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1. 9 9/ ! dLa®! w,

This document is the 2021 Avoided Energy Supply Component (AESC) Study (AESER02021
containscost stream®f marginal energy supply components that can be avoided in future years due to
reductions in the use of electricity, natural gas, and ottueds as a result of prograimased energy
efficiency or other demandide measures across all six New England states.

The AESC Study provides estimates of avoided costs associated with energy efficiency measures for
program administratorshroughout New England states for purposes of both internal decisiaking

and regulatory filings. To determine the values of energy efficiency and other desidmdeasures,
avoided costs are calculated and provided for each New England state in daétypaitfuture in which

the New England program administrators do not install any demandsidemeasures in 2021 or later
yearsb S¢ (2 G KA BDESCR02NBssurésuridifieRedtTounterfactuals:

1 Counterfactual #1A future in whichprogram adninistratorsinstall no new energy
efficiency, building electrification, or active demand management (demand response
and energy storage) resources in 2021 or later years.

1 Counterfactual £: A future in whichprogram administratorénstall no new building
electrification resources in 2021 or later years. This future does model some amount of
energy efficiency and active demand management resources installed by the program
administrators.

1 Counterfactual #8: A future in whichprogram administratorénstall ro new energy
efficiency resources in 2021 or later years. This future does model some amount of
building electrification and active demand management resources installed by the
program administrators.

1 Counterfactual #: A future in whichprogram administréors install no new energy
efficiency resources in 2021 or later years. This future does model some amount of
building electrificatiorinstalled by the program administrators but does not include any
active demand management resources installed by the rnogadministrators.

Becauseeach AESC counterfactuapresents aypotheticalfuture that lacks some amount of
anticipated demaneside measuresAESQ@021shouldnot be used to infer information about actual
future market conditions, energy prices, or eesce builds in New England. Furthermore, actual prices
in the future will be different than the lonterm prices calculated in this studynceactual future prices
will be subject to shorterm variations in energy markets that are unknowable at thisipiwi time.

Note also that these caveats may also apply to sensitives modeled in the2BEERtudy(see Chapter
12 for more information).

As in previous AESC studies, this study examines avoided costs of energy, capacity, natural gas, fuel ail,
other fuds, other environmental costs, and demand reduction induced price effects (DRIREAESC

2021 relies upon a combination of models to estimate each one of these avoided costs for each future
year. As in AESC 2018, this study provides avoided enertgyyaoan hourly basis. This allows users of
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the report to estimate avoided costs specific to a broad array of active demand response programs,
including active load management and peak load shifting progr@tieer avoided costs (e.g., natural
gas, fuel d) are provided athe time resolutions that are most appropriate for their markets (e.qg., daily,
seasonal, or annual).

On a 15year levelized basisn real 2021 dollatghe AES2021Studyestimates that direct avoided
retail energy costs are approximatelycents per kWh for Counterfactual #1, and direct avoided gas
costs are 6 per MMBtu,although these vargn the specific location and engse. Compared to 2018
AESC, we find:

1 Generally laver avoided costs of energy, due to sustained low natural gas prices at
national hubs, lower estimated costs of complying with the Regional Greenhouse Gas
Initiative (RGG))andincreasedjuantities of zeremarginalcost renewables

1 Generally loweavoidedcosts of capacity due ta relatively flat supply curve based on
observations of recent forward capacity auctions

1 Generallyloweravoided costs of natural gas, basedlower long-term projections of
wholesalenatural gas priceivoidednaturalgas cost for retail endusersare also
lowerthan in AESC 281but becausdncremental gas pipeline expansion costs
assumed to be higher, the change in avoided costs at theused level is not as large as
the reduction in gas commodity prices

1 Generallyhigheravoided costs for fuel oil and other fuels, dueufadates to recent
historical data in the underlying sourcesthe sources used to calculate these values.

1 Generallyhigheravoided costs for renewable portfolio standard (RPS) complidrids
is primarily due to recent (or anticipated) increases in RPS target obligations combined
with expected increases in load due to electrification

1 Lowerenergy DRIP&d capacity DRIPE values, doehanges in utility longerm
energy purchases, updated markedtd, and new commodity forecastdlatural gas
DRIPENd oil DRIP#aluesare alsolower due to similar changes

1 Both higherand lowernon-embedded costs for environmental regulations that are not
otherwise included in the above projections (e@arbon dioxideCQ, and nitrogen
oxides,NO) depending on the approach used to calculate this numB&SC 2021
presents anumberof different non-embedded costs for use in different state policy
contexts

1 Loweravoided costs for pooled transmission facility (PTF) casta result of a switch to
a forwardlooking methodology (AESC 2018 utilizédstoricalmethodology) AESC
2021 also presds additional methodologies for quantifying localized and /-
transmission and distribution avoided costs.

1 Generallylower avoided costs for reliability, due #oflatter supply capacity market
supply curve. This is in spite of a higher estimate fawevaf lost load (W@LL),
determined through newly availabl#atasources.
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AESC 2024rovides detailed projections of avoided costs by year for an idifiglearperiod based on
modeling (2021 through 2035), and a second period based on extrapolatiotuesiram this first
period (2036 through 2.1 All values in this document adkescribed in terms of re@l021dollars,
unless noted otherwise. In many cases, we providgdar 021¢2035 levelized values of avoided
costs for ease of reporting and comparison with earlier AESC studieapferdix ECommon Financial
Parameterdor moreinformation on financial parametengsed in this analysis.

1.1. Background to the AESC Study

As in previous AESC studies, the AR Study was sponsored by a group of electric and gas utilities
and other efficiency program administrators (together, refertechs program administrators). The

study sponsors, along with other parties (including representatives from state governments, consumer
advocacy organizations, and environmental advocacy organizations and their consultants) formed a
Study Group to oversethe design and production of the analysis and report.

Study sponsors for the AE3@21Study include: Berkshire Gas Compd®gpe Light Compact, Liberty
Utilities, National GridJSAEversource (Connecticut Light and Power, NSTAR Electric and Gas Company,
Western Massachusetts Electric Company, Public Service Company of New Hampshire, and Yankee Gas),
New Hampshire Electric @p, Columbia Gasf MassachusettdJnitil (Fitchburg Gas anElectric Light
Company, Unitil Energy Systems, Inc. and Northern Utilities), United Illuminating, Southern Connecticut
Gas and Connecticut Natural Gas, Efficiency Maine the State of Vermont. Other parties represented

in the Study Group includé&cada CenterConnecticut Department of Energy and Environmental
Protection, Connecticut Energy Efficiency BoMdine Public Utilities Commissiadassachusetts

Energy Efficiency Advisory Courndi§ssachusetts Clean Energy Cenidaissachusetts Departmeiof

Public Utilities, Massachusetts Department of Energy Resoutaessachusetts Department of
Environmental Protectiorilassachusetts Attorney General, Massachusetts-llmeme Energy

Affordability Network (LEANNew Hampshire Office of Consumer Advocatew Hampshire Public

Utilities Commission, Rhode Island Division of Public Utilities and CaRierde Island Energy Efficiency

and Resource Management CounRihode Island Office &nergyResourcesyermont Department of

Public ServiceandVermont Energy Investment Corporatib&fficiency Vermont

After developing the scopir the 2021study, the study sponsors selected Synapse Energy Economics
(Synapse) as the lead contractor of the study. Synapse was joined by subcontractors Resiginmce Ins
Sustainable Energy Advantage, Les Deman Consulting, and North Side Energy (together, the Synapse
Team).

L This extrapolation is described in detailippendix AUsage Instructions
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1.2. Summary ofavoided costs

The following section provides a summary of the avoided costs for each category of costs calculated
under the AES@021Study These categories include costs that can be applied to energy efficiency
measures that avoid electricity (energy, capacity, DRIPE, RPS, etc.) while others are related to energy
efficiency measures that avoid other types of energy consumpk&T.ablel provides an illustration of
summer onpeak avoided cost components for electricity for thest/Central Massachusetts{CMA

zone for Counterfactual #1, and how S&components compare to thesoided costérom the previous
AESC 2018 studigr informationalpurposes ESTable2, ESTable3, andESTable4 provide analogous
comparative information for Counterfactuals #2, and #4 respectively.

In generalthe Synapse Teafindsthat lower wholesale natural gas prices drive lower avoided energy
costs, relative to AERXD18 Wealsofind that avoidedcost of RPS complianaeAESC 2021 are
generally higher than those projected AESQ018. This is primarily due to recent (or anticipated)
increases in RPS target obligations combined with expected increases in load due to electrifMdéion).
find that projections of flatter supply curves in future years cause avoided capacitygyebRIPE, and
capacity DRIPE values to be lower.

Note that comparisons between 3ear levelized costs in AEST21and AESC018are not directly

G LIMEISIAL S&a dé 2 KA T Slisplagebetizedcbsts Owdzf 15 yedirgab2021 dollars)

each levelization calculation is done over two differentyidar periodsZ018to 2032for AESQ018
and2021to 2035for AESQ021). Assumptions on prices and loads aside, the time periods spanned by
each of these levelization calculations may contain Aamdntally different data on the New England
electric system, including differences in terms of online units and market rules.
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ESTablel. lllustration of avoided retail summer oipeak electricity cost components, AESC 2021 i@erfactual
#1 versus AESC 2018

AESQ02],
AESQ018 | AESC 2IB AESC 21 relative to
AESC 2@
2018 2021 2021 2021 %
cents/kWh| cents/lkWh cents/kWh | cents/kWh Difference
Avoided Retail Capacity Costs 2.00 2.11 1.18 -0.93 -44% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.85 -1.48 -28% 57,8
AvoidedRPS Compliance 0.39 0.41 1.28 0.86 208% 57,9
Subtotal: Capacity and Energy 7.48 7.85 6.30 -1.55 -20%
GHGnon-embedded 2.69 2.83 4.74 1.91 67% 5,10
NOx non-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTR 2.26 2.38 2.02 -0.36 -15% 3,511
Value of Reliability 0.02 0.02 0.01 -0.01 -32% 3,5,6,12
Electric capacity DRIPE 0.97 1.03 0.41 -0.62 -60% 5,6
Electric energy androssDRIPE 2.08 2.19 1.20 -0.99 -45% 57,13
Subtotal: DRIPE 3.05 3.22 1.61 -1.60 -50% -
I T TV N
Notes:

1. Values are shown for the WCMA reporting zone, summepeak, on a 1%ear levelized basis; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is fromEfle 1 in AESC 2018. AESC 2018 values levelize@(32) &scalated with factor of 1.05 to
convert 2018 dollars to 2021 dollai¥/e observe that the total cost in AEBX18was 16.05 cents per kwh in 2018 dollars or
16.91 cents per kWh in 2021 dollars.
3. Assumes load factor of 55%
4. Avoided cost of capacity purchases:

AESC 2018 cost (2018 $/Apéfar) of $83/kWyear

AESC 2021 cost (2021 $/Agpéar) of $49/kWyear
5. Includes T&D loss adjustments of:

9.0% for energy

16.0% for peak demand

These adjustments are also applied to AESC 2018 values, sokéloDviK dza SR 'y y2 ¢35 (Tabled FI OG 2 NJ
6. This table assumes that 100% of capacity, capacity DRIPE, and reliability values are cleared or bid into the capacity mark
7. Includes wholesale risk premium adjustment of 8.0%
8. Avoided whasale energy cost (2021 $/MWh) of $33/MWh
9. Avoided RPS compliance cost &/8iNVh
10. Assumes neembedded GHG cost based on New England MAC (electric sector)
11. Assumepooled transmission facilitPT fy cost (2021 $/kWyear) of $84/kWyear. This valueloes not include avoided costs
related to nonPTF facilities or local T&D systems.
12. Assumes reliability value (2021 $/4géar) of $0.47/kWyear, and a VOLL of $73/kWh
MOo® a9f SOUNARBWEYSNAA Al i K SO NBA &3DRIPRNIEGE NdsORIFEY S hafh AESC 2018
and AESC 2021, these DRIPE values represent the Massaehigee{toneon-zone) value, but not the Rest-Pool amount.

- Synapse Energy Economilces,. AESC 2021 5



ESTable2. lllustration of avoided retaisummeron-peak electrigty cost components, AESC 2021 Counterfactual
#2 versus AESZD18

AESQ02],
AESQ018 | AESC 2IB AESC 221 relative to
AESC 2@
2018 2021 2021 2021 %
cents/kWh| cents/lkWh cents/kWh | cents/lkWh Difference
Avoided Retail Capaci€osts 2.00 2.11 1.16 -0.95 -45% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.63 -1.69 -32% 57,8
AvoidedRPS Compliance 0.39 0.41 0.98 0.56 136% 57,9
Subtotal: Capacity and Energy 7.48 7.85 5.77 -2.08 -26%
GHGnon-embedded 2.69 2.83 5.08 2.25 79% 5,10
NOx non-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTR 2.26 2.38 2.02 -0.36 -15% 3,511
Value of Reliability 0.02 0.02 0.01 -0.01 -33% 3,5,6,12
Electric capacity DRIPE 0.97 1.03 0.39 -0.64 -62% 5,6
Electric energy and crof3RIPE 2.08 2.19 1.08 -1.11 -51% 57,13
Subtotal: DRIPE 3.05 3.22 1.47 -1.75 -54% -
Notes:

1. Values are shown for the WCMA reporting zone, summepeak, on a 1%ear levelized basis; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is fromEfle 1 in AESC 2018. AESC 2018 values levelize@(32) &scalated with factor of 1.05 to
convert 2018 dollars to 2021 dollai¥/e observe that the total cost in AEBX18was 16.05 cents per kwh in 2018 dollars or
16.91 cents per kWh in 2021 dollars.
3. Assumes load factor of 55%
4. Avoided cost of capacity purchases:

AESC 2018 cost (2018 $/Apéfar) of $83/kWyear

AESC 2021 cost (2021 $/Ay&ar) of $8/kW-year
5. Includes T&D loss adjustments of:

9.0% for energy

16.0% for peak demand

These adjustments are also applied to AESC 2018 values, somfe 6ffvh dza SR 'y y°: ¢95 f-RaBlél T OG 2 NJ
6. This table assumes that 100% of capacity, capacity DRIPE, and reliability values are cleared or bid into the capacity mark
7. Includes wholesale risk premium adjustment of 8.0%
8. Avoided wholgale energy cost (2021 $/MWh) of BIWh
9. Avoided RPS compliance cost3Miwh
10. Assumes neembedded GHG cost based on New England MAC (electric sector)
11. Assumepooled transmission facility (PTdgst (2021 $/kWyear) of $84/kWyear. This value des not include avoided costs
related to nonPTF facilities or local T&D systems.
12. Assumes reliability value (2021 $/4y&ar) of $0.4/kW-year, and a VOLL of $73/kWh
MOo® a9f SOGNARBWEYSNA& Al i K SO NBA &o3DRIPE @ifEG-B NdsORIFEY |16 hafh AESC 2018
and AESC 2021, these DRIPE values represent the Massaehigee{toneon-zone) value, but not the Rest-Pool amount.
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ESTable3. lllustration of avoided retailsummeron-peak electriciyy cost components, AESC 2021 Counterfactual

#3 versus AESZD18
AESQ021,
AESQ018 | AESC 2IB AESC 21 relative to
AESC 2@
2018 2021 2021 2021 %
cents/kWh| cents/lkWh cents/lkWh | cents/kWh Difference
Avoided Retail Capacity Costs 2.00 2.11 1.22 -0.88 -42% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.92 -1.40 -26% 57,8
AvoidedRPS Compliance 0.39 0.41 1.40 0.98 237% 57,9
Subtotal: Capacity and Energy 7.48 7.85 6.54 -1.31 -17%
GHGnon-embedded 2.69 2.83 4.68 1.85 65% 5,10
NOx non-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTR 2.26 2.38 2.02 -0.36 -15% 3,511
Value of Reliability 0.02 0.02 0.01 -0.01 -32% 3,5,6,12
Electric capacity DRIPE 0.97 1.03 0.41 -0.62 -60% 5,6
Electric energy and crof3RIPE 2.08 2.19 1.21 -0.98 -45% 57,13
Subtotal: DRIPE 3.05 3.22 1.62 -1.60 -50% -
Notes:

1. Values are shown ftihe WCMA reporting zone, summer-prak, on a 1%ear levelized basis; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is fromEfle 1 in AESC 2018. AESC 2018 values levelize@(3Q) &scalated with a factor of 1.05 to
convert2018 dollars to 2021 dollarg/e observe that the total cost in AEBX18was 16.05 cents per kwWh in 2018 dollars or
16.91 cents per kWh in 2021 dollars.
3. Assumes load factor of 55%
4. Avoided cost of capacity purchases:

AESC 2018 cost (2018 $/Ayaar) of $83/kWyear

AESC 2021 cost (2021 $/Ay&ar) of $I/kW-year
5. Includes T&D loss adjustments of:

9.0% for energy

16.0% for peak demand

These adjustments are also applied to AESC 2018 values, some of which used an 8% T&DNdsskaét ( K FTdbled (i dzR& Q&
6. This table assumes that 100% of capacity, capacity DRIPE, and reliability values are cleared or bid into the capacity mark
7. Includes wholesale risk premium adjustment of 8.0%
8. Avoided wholesale energy cost (2021 $/MWwh$33/MWh
9. Avoided RPS compliance cost &/8iNVh
10. Assumes neembedded GHG cost based on New England MAC (electric sector)
11. Assumepooled transmission facility (PTdgst (2021 $/kWyear) of $84/kWyear. This value does not include avoidedtsos
related to nonPTF facilities or local T&D systems.
12. Assumes reliability value (2021 $/4géar) of $0.47/kWyear, and a VOLL of $73/kWh
MO® d9f SOUNRBOWEYSNA& &l i K SO NBA &BDRIPE a6 B ddsORIFEY 1S MMEAESE 2018
and AESC 2021, these DRIPE values represent the Massaehigee{toneon-zone) value, but not the Rest-Pool amount.
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ESTable4. lllustration of avoided retailsummeron-peak electricity cost components, AESC 2@2ounterfactual

#4 versus AESZD18
AESQ02],
AESQ018 | AESC 2IB AESC 221 relative to
AESC 2@
2018 2021 2021 2021 %
cents/kWh| cents/lkWh cents/kWh | cents/lkWh Difference
Avoided Retail Capacity Costs 2.00 2.11 1.22 -0.89 -42% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.90 -1.42 -27% 57,8
AvoidedRPS Compliance 0.39 0.41 1.40 0.98 237% 57,9
Subtotal: Capacity and Energy 7.48 7.85 6.52 -1.33 -17%
GHGnon-embedded 2.69 2.83 4.69 1.86 66% 5,10
NOx non-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTR 2.26 2.38 2.02 -0.36 -15% 3,511
Value of Reliability 0.02 0.02 0.01 -0.01 -32% 3,5,6,12
Electric capacity DRIPE 0.97 1.03 0.41 -0.62 -60% 5,6
Electric energy androssDRIPE 2.08 2.19 1.21 -0.98 -45% 57,13
Subtotal: DRIPE 3.05 3.22 1.62 -1.60 -50% -
Toa | s | gea a3 | 15 % | |
Notes:

1. Values are shown ftihe WCMA reporting zone, summer-prak, on a 1%ear levelized basis; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is fromEfle 1 in AESC 2018. AESC 2018 values levelize@(3Q) &scalated with a factor of 1.05 to
convert2018 dollars to 2021 dollarg/e observe that the total cost in AEBX18was 16.05 cents per kwWh in 2018 dollars or
16.91 cents per kWh in 2021 dollars.
3. Assumes load factor of 55%
4. Avoided cost of capacity purchases:

AESC 2018 cost (2018 $/Ayaar) of $83/kWyear

AESC 2021 cost (2021 $/Ap&ar) of $OKW-year
5. Includes T&D loss adjustments of:

9.0% for energy

16.0% for peak demand

These adjustments are also applied to AESC 2018 values, some of which used an 8% T&DNdsskaét ( K FTdbled (i dzR& Q&
6. This table assumes that 100% of capacity, capacity DRIPE, and reliability values are cleared or bid into the capacity mark
7. Includes wholesale risk premium adjustment of 8.0%
8. Avoided wholesale energy cost (2021 $/MWwh$33/MWh
9. Avoided RPS compliance cost &/8iNVh
10. Assumes neembedded GHG cost based on New England MAC (electric sector)
11. Assumepooled transmission facility (PTdgst (2021 $/kWyear) of $84/kWyear. This value does not include avoidedtsos
related to nonPTF facilities or local T&D systems.
12. Assumes reliability value (2021 $/4géar) of $0.47/kWyear, and a VOLL of $73/kWh
MO® d9f SOUNRBOWEYSNA& &l i K SO NBA &BDRIPE a6 B ddsORIFEY 1S MMEAESE 2018
and AESC 2021, these DRIPE values represent the Massaehigee{toneon-zone) value, but not the Rest-Pool amount.
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Natural gas

At a high level, AESC 2021 assumes that Henry Hub natural gas prices are lower, and stay lower longer,
relative to the assumptions used in AESC 201 levelized price basis for the New England market, as
measured by the Algonquin Citygate price, is also lower

On a 15year levelized basis (s&STableb), AESC 2021 projects a Henry Hub price dfS§8r MMBtu
(levelized oveR021to 2035),34.0percent lower than the AESC 2018 value of $4.78 per MMBtu
(levelized oveR018 to 2032)We attribute the decrease in Henry Hub prices to higher volumes of
associated gas production and another downward adjustment in breakeven drilling and operating costs
in the major shale and tight gas producing regions compared to AESC Bfd#keven costs have been

on a downward trend as a result of improvements in horizontal drilling technology and better
information on the geology and geophysics of shale resesyditgonquin Citygate Hub prices show a
slightly larger decline because the basis projections are lower in AESC 2021 (a smaller differential to
Henry Hub) as a result of additional pipeline capacity and changing pricing dynamics beosbeast

and Gul Coast gas markets.

ESTable5. Summary of 15year levelized Henry Hub, Algonquin Gigte, and basis differentials for AEQ021
and AESC 2018

Algonquin

Units Henry Hub : Basis
Citygates
AESC 2018 (2048032) 2021$/MMBtu $4.78 $6.59 $1.24
AESC 2021 (2022035) 2021 $/MMBtu $3.15 $4.20 $1.06
Percent change % -34.0% -36.2%6 -

Notes: All values are in 2021 $/MMBtu. AESC 2018 levelized costs are for 15 yeg20@0)1& a discount rate of 1.34
percent. AESC 2018 levelized costs are for 15 years ¢2035) at a discount rate of 0.81 percent.

The avoided costs of natural gas for retail customers are summarized belom$3able6). For both
southernNew England andorthern New England avoided natural gas costs are lower in AESC 2021
compared toAESC 2018, but becaygipeline expansion costs are assumed to be higher, the change in
avoided costs is not as large as tieduction in wholesale commodity prices. Northern New England
avoided costsemainslightly lower relative tsouthernNew England because natural gas delivered
through Canada has become a significant marginal resource, as new pipeline capacity from the
Marcellus Shale region has reduced the Dawn Hub price basis compared to the Henry Hub. Since the
northern New England mé&et is closer to this source of supply, the avoidable pipeline delivery cost is
lower than it is forsouthernNew England. For Vermont (not showrE8Table6) avoidednatural gas

costs are also lower than in AESC 2018 because of lower projected natural gas prices at the Dawn Hub

2 Associated gas is essentially a byproduct in the production of crudeh@lgas will be produced (or flared) as long as oil
production is economic, irrespective of the pricenafuralgas.

3: o{ ® 9y SNH& LyT2NYl DriliggProtduBivitk Fepal BtiNs:/iviweeid.god/Setraleuntidrilling/.
February 16, 2021.
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https://www.eia.gov/petroleum/drilling/

ESTable6. Avoided costs of gas fall retail customers by endise assuming no avoidable margin

: Southern New  Northern New
Units

England England
AESC 2018 (2043032) 2021 $/MMBtu $7.91 $757
AESC 2021 (2024035) 2021 $/MMBtu $6.48 $6.39
Percent change % -18% -16%

Note: AESC also calculates the avoided cost of gas for retail customers assuming some avoidable margin,
and avoided costs for customers in Vermont. This additional detail is described in Ghapter
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Avoided Natural Gas Costs

ESTable8 compareghe natural gas avoided costs describedE®Table6 with a nonembedded cost
for GHGs. For consistency wilsTablel and other similar tables, the neembedded GHG cost shown
here is the marginadbatement cost derived from the New England electric sedi¢e observe that the
non-embedded GHG cost is roughly equal to the avoided cost of natural gas, which matches our
observations irESTablel, where the norembedded cst isslightly greater tharthe avoided cost of
energy.

ESTable7. Avoided costs of ggswith and without nonrembedded GHG cost
Southern New  Northern New

Sl England England
Avoided cost (fronESTableb) 2021 $/MMBtu $6.48 $6.39
Nonembedded GHG cost 2021 $/MMBtu $7.32 $7.32
Avoided cost with noembedded GHG cost 2021 $/MMBtu $13.80 $13.71

Note:! 2 ARSR O2aia RAFTFSNI RSLWSYRAYy3I 2y NBIA2Y S YIOERRAKRS (DK DPNIOZ2NJ (G v
shown here is the marginal abatement cost derived from the New England electric sector.

Fuel oil and other fuels

In general, we find thaavoided levelized costs for residential fuel oil and other fuels are generally

higher than was estimated in AESC 2018, except for the levelized costs for commercial residdal fuel oi
and biofues whicharelower than was estimated in AESC 2018. The primary sources of these differences
are changes in historical prices from the State Energy Data System (SEDS) and changes in the projected
price of crude oil, which underlies many of the cost projecti@®Table8 displays the levelized

avoided fuel costs for AESC 20R&w in AESC 2021 are avoided cost projections for motor gasoline and
motor diesel.

ESTable8. Avoidedcostsof retail fuels (15year levelized, 2021 er MMBtu)

Residential Commercial Transportation

g, 2 Pro- Kero e Cord Wood [\ [o 4 N 5 Motor Motor

2l pane sene = Wood Pellets | Distillate REE Gasoline Diesel
ate (B20) Il

AESC 2018 $23.36  $32.78  $20.95 $24.06 $14.12 $22.76| $19.46 $17.13

AESC 2021 $24.04 $38.79  $29.59 $21.64 $20.84 $22.47| $22.25 $15.74 | $22.07 $22.76
Percentchange 2.9% 18.3% 41.3% -10.1% 47.6% -1.3% | 14.3% -8.2%

Theretail fuelsavoided costs for AESC 2021 are similar to those of AESC 2018 for distillate fuels. The
more significant differencelsetween AESC 2021 and AESC 2bB58rved in other fuels are primarily

driven by changes in the starting prices based on recestbhical dataThere have been significant
residential price increases for propane in recent yepeshaps associated with distribution cosior
non-wood products, AESC 2021 starts with the 2018 New England fuel prices in the U.S. Energy
Information Adninistration (EIA) State Energy Data System (SEDS). It then makes adjustments to match
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the most recent national prices from the EIA Short Term Energy Outlook (STEO). For the near term, fuel

2Af LINROSA F2ftf2¢ (K SforR02D Memivhile) o3 and latér yerdIwed S F 2 NI «
rely on projections in thAEQ2021Referencecase. For biofuels, the B20 blesdown in the tabléas

discounted at aboul 0 percent below distillate. All sector propane prices are consistently higher than

distillate piices for all years in SEDS.

For residential wood fuels, AESC 2021 surveyed various state energy sources, which gave much higher
cord wood prices than those used in AESC 2018. Wood pellet prices were however about the same.
Wood prices are then projectedtincrease in the future following the trend in crude oil prices reflecting
competitive market factors.

Capacity

AESC 2021 develops capacity prices for annual commitment periods starting in 2tine@ér each of

the four counterfactuals (se&STable9). The capacity prices (and resulting avoided capacity costs) are
RNAGBSY o0& FOldzrf IyR F2NBOFadG Of SFNAy3I LINKROSa Ay |
forecast capacity prices are based on the experience in recent auctions and expeatgdsia

demand, supply, and market rules. These prices are applied differently for cleared resources, non

cleared energy efficiency, and naleared demand response.

On a 15year levelized basis, Counterfactualdgfthe AESQ021forecast is47 percent bwer than what
was estimatedas a 15year levelized price ithe 2018 AESC studyounterfactual #2s 48 percent
lower, while Counterfactual #3 and #4 are both 45 percent lowegeneral, Counterfactual #2 has
lower capacity prices due to a lower projen of load, while Counterfactus#l, #3, and #4 feature
relatively similar capacity prices, due to similar projections of annual Id4aiket-clearing prices in the
out-years are principally determined liyture changes in supply (includiagditions d battery storage
solar,wind, and occasionally new natural glieed power plants; as well @nd retirements of thermal
generatior) and future changes in deman8imall yeaton-yearvariationsare due to changes in load,
new resources coming online, anther resources retiring.
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ESTable9. AESC 2018 capacity pricd21$ per kW-month)

Commitment Actual but LSO
Period FCA Actual for post- Counter Counter Counter Counter

(June to May) 2020 EE | factual #1 factual #2 factual #3 factual #4
2021/2022 12 $4.63 $4.77 $4.77 $4.63 $4.77 $4.77 $4.99
2022/2023 13 $3.73 $3.96 $3.96 $3.73 $3.96 $3.96 $5.10
2023/2024 14 $1.92 $2.47 $2.47 $1.92 $2.47 $2.47 $5.21
2024/2025 15 $2.46 $2.75 $2.75 $2.46 $2.75 $2.75 $5.50
2025/2026 16 $2.72 $2.69 $2.59 $2.59 $5.95
2026/2027 17 $2.88 $2.69 $2.75 $2.75 $6.46
2027/2028 18 $3.11 $3.33 $3.46 $3.43 $6.95
2028/2029 19 $3.30 $3.30 $3.65 $3.62 $7.45
2029/2030 20 $3.59 $3.41 $3.94 $3.92 $7.95
2030/2031 21 $3.42 $3.77 $3.97 $3.94 $6.95
2031/2032 22 $3.67 $3.81 $3.79 $3.77 $7.45
2032/2033 23 $3.90 $3.86 $4.02 $3.99 $7.95
2033/2034 24 $3.86 $4.02 $3.95 $3.92 $6.95
2034/2035 25 $4.67 $4.47 $5.09 $4.95 $7.45
2035/2036 26 $3.66 $3.86 $3.73 $3.71 $7.95

15-year
levelized cost

Percent
difference

Notes: Levelization periods are 2021/2022 to 2035/2036 for AESC 2021 2018/2019 to 2032/2033 for AESC 2018. Real discount
rate is 0.81 percent for AESC 2021 and 1.34 percent for AESC 2018.

Energy

AESC 2021 modeling results feature a lower ratio of summer peak prices to the annual average
compared toprevious AESC studies. This difference can be attributed to: (1) increasedfesaar
generation, whicharelargely coincident with this period and which have a marginal cost of zero dollars
per MWh, (2) difference in montto-month wholesale gas costs (which are driven by new recent
historical data on montho-month gas costs), @h(3) higher levels of zenmarginal cost imports. These
are the same factors that drove the change in energy pilitd&ESC 2015 and AESC 2018.

ESTablel0shows levelied costs (over 15 years) for the WCMA reporting region. Prices are shown for

all hours, and for the four conventional AESC costing periods. On an annual average basiggttre 15
levelized prices i€ounterfactual #1 athe AESQ021study are20 percentlower than the prices

modeled in the 2018 AESC study. Key drivers of these lower prices include lower Henry Hub natural gas
prices, lower RGGI prices, more law zergvariable operating cost renewables (caused by changes to

the RPS in states like Contieat and Rhode Island), and the addition of a new transmission line from
Canada. Note that these factors are not listed in a particular ofleergy prices observed in other
counterfactuals are similar to Counterfactual #1. Counterfactual #2 featurdauthest divergence, as a

result of its lower projection of load:his decrease is larger than the change in avoided energy costs
observed between the 2015 AESC study and the 2018 AESC study.
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ESTable10. Comparison oknergy prices for WCMA region (2021 $ per MWh;yEar levelized)

Annual Winter Winter Summer Summer

All hours Peak Off-Peak Peak Off-Peak
AESC 2@l $51.17 $58.66 $54.17 $45.22 $38.69
AESQ021 Counterfactual 1 $40.85 $46.86 $45.20 $32.67 $29.86
AESC 2021 Counterfactual 2 $37.79 $42.98 $41.66 $30.87 $27.95
AESC 2021 Counterfactual 3 $41.34 $47.43 $45.63 $33.28 $29.93
AESC 2021 Counterfactdal $41.29 $47.40 $45.62 $33.17 $29.87
Pcnt Change: Counterfactual 1 -20% -20% -17% -28% -23%
Pcnt Change: Counterfactual 7 -26% -27% -23% -32% -28%
Pcnt Change: Counterfactual 3 -19% -19% -16% -26% -23%
Pcnt Change: Counterfactuél -19% -19% -16% -27% -23%

Notes:All prices have been converted to 2021 $ per MWh. Levelization periods ar@828or AESC 2018 and 26235 for
AESQO021 The real discount rate is 1.34 percent for AESC 2018 and 0.81 percent for AEBGcR82re wholesale.

ESTablell compares 15/ear levelized costs between AESC 2018 and AESC 2021 for each of the six New
England states, for Counterfactual #1. These values incorporate the relevanbt®RS compliancas
well as a wholesale risk premium.
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ESTablell. Avoided energy costAESC 2021 vs. AESC 2018y levelized costs, 2021 r kWh)

Winter Winter Summer Summer
Peak Off-Peak Peak Off-Peak
AESQ021 1 Connecticut $0.059 $0.057 $0.043 $0.040
Counterfactual 1 2 Massachusetts  $0.062 $0.060 $0.047 $0.044
3 Maine $0.057 $0.056 $0.042 $0.039
4  New Hampshire  $0.058 $0.057 $0.043 $0.040
5 Rhode Island $0.065 $0.064 $0.050 $0.047
6 Vermont $0.054 $0.053 $0.039 $0.036
AESC 2@&L 1 Connecticut $0.063 $0.059 $0.049 $0.043
2 Massachusetts $0.062 $0.058 $0.049 $0.043
3 Maine $0.058 $0.054 $0.045 $0.039
4 New Hampshire  $0.063 $0.060 $0.051 $0.044
5 Rhode Island $0.061 $0.057 $0.048 $0.042
6 Vermont $0.062 $0.058 $0.049 $0.042
Delta 1 Connecticut -$0.005 -$0.002 -$0.006 -$0.003
2 Massachusetts  -$0.001 $0.003 -$0.002 $0.001
3 Maine $0.000 $0.002 -$0.003 $0.000
4 New Hampshire  -$0.005 -$0.003 -$0.008 -$0.004
5 Rhode Island $0.003 $0.007 $0.002 $0.005
6 Vermont -$0.008 -$0.005 -$0.010 -$0.006
PercentChange 1 Connecticut -7% -3% -12% -T%
2 Massachusetts -1% 5% -4% 2%
3 Maine 0% 4% -6% 1%
4 New Hampshire -8% -5% -15% -8%
5 Rhode Island 6% 12% 5% 12%
6 Vermont -13% -8% -20% -14%

Notes: These costs are the sum of wholesale energy costs and wholesaté B&Sscompliancacreased by a wholesale risk
premium of 8 percent, except for Vermont, which uses a wholesale risk premium péfcedt.All costs have been converted
to 2021dollarsper kWh. Levelization periods are 22832 for AESC 2018 and 2§2@35 for AES2021 The real discount
rate is 1.34 percent for AESC 2018 and 0.81 percent for AESF&02% do not include losses.

RPS compliance

Relative to AESC 2018, AESC 2021mseelhigher prices for meetinRPSompliance (se&STable

12). This difference is attributable to increased sypgeémand tension in the nederm, resulting in

higher REC prices compared to AESC Jtdiicularly for states that have recently adjusted their RPS
policies Even with higher priceshe remainder of the study period is characterized by surplus, with
policy-mandated purchases exceeding incremental RPS demands. The cost of RPS compliance has also
increased as a result of the additionredw RPS categories suchGlean Energy StandaEkisting (CES

E) and Clean Peak Energy Portfolio Standard (CPS) éeseégdiassachusettdncreases in the cost of

RPS compliance in states that have not incrdd®S targets (e.g., New Hampshire) are due to an

increase in REC demand in the New Englaitt REC market, of which all six states are participants.
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ESTablel2. Avoided cost of RPS compliance (2021 $ per MWh)

CT ME MA NH RI VT
AESC 2018 $4.00 $0.55 $3.84 $5.25 $2.57 $2.12
AESC 2021 Counterfactual 1 $7.93 $7.37 $11.81 $8.10 $14.99 $3.90
AESC 202Counterfactual 2 $4.77 $3.55 $9.04 $6.41 $5.66 $2.67
AESC 2021 Counterfactual 3 $8.84 $8.56 $12.93 $8.67 $16.81 $4.44
AESC 2021 Counterfactual 4 $8.84 $8.56 $12.93 $8.67 $16.81 $4.44
Pcnt Change: Counterfactual 98% 1233% 208% 54% 482% 84%
Pcnt Change: Counterfactual 19% 541% 135% 22% 120% 26%
Pcnt Change: Counterfactual 121% 1448% 237% 65% 553% 110%
Pcnt Change: Counterfactual 121% 1448% 237% 65% 553% 110%

Note: Each state has multiple Classes or Tiers. For simplicity, we sum avoided costs f@lasiiNew RPS policies together

AY GKS al ff 20KSNJ Of | & & Se&e32 NRAESE 2018 a7& 22085!f0il AESY 202TSTH&reaR & | NB Ham
discouwnt rate is 1.34 percent for AESC 2018 and 0.81 percent for AESC 2021. AESC 2018 values are from AESC72018 Chapter

and have been convertedtin2021 dollarsAll values includa 9 percent loss factor.

Non-embedded environmental compliance

AESC 2021 priesseveralapproaches to enable individual states to address specific policy directives
regardinggreenhouse gaéGHG impacts.ESTablel3 and ESTablel4 compare these costs

T ! aRFEYIF3IS 02adé¢ FLINREAYIFIGSR 608 GKS &a20Alt 0Oz2a
different options for a socialostof carbon. The Sypae Team recommends using a
value that applies low discount rates, considers global damages, and considers the
impact of highrisk situations. One source for this value is the December 2020 SCC
Guidance published by the State of New York. Using a 2 pedisaoiunt rate (the one
also recommended by New York for most decigimgking), we recommend a dfear
levelized SCC of $128 per short ton in AESC 202 hlso recommend that program
administrators continually review this value (e.g., for the purposesidfterm
modifications) as updates to the federallgcommended SCC are expected in early
2022.

1 An approach based on global marginal abatement costs. In AESC 2021, we estimate a
total environmental cost based on the cost of laigmale carborcapture and
sequestration (CCS) equal to $92 per shortdb@Q-eq. This is lower than the $105
per short ton of C®eq value (in 2021 dollars) described in AESC 2018. This lower cost
reflects the declining costs of this technology.

1 Anapproachbased orNew England marginal abatement costs, assuming a cost derived
from electric sector technologies. In AESC 2021, this is a total environmental cost of
$125per short ton of C@eq emissions, based on a projection of future cost trajectories
for offshore windenergy along the eastern seaboaiithis compares to a cost of $72 per
short ton of C@eq emissions (in 2021 dollars) based on a projection of future costs of
offshore wind energy, as described in AESC 2018. This increased cost reflects updated
information on this technology in the United States, as well as lower energy costs in this
edition of AESC.

1 An approach based on New England marginal abatement costs, assuming a cost derived
from multiple sectorsln AESC 2021, this is a total environmental co$t6f3 per short
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ton of CG-eq emissions, based on a projection of future cost trajectories for renewable
natural gas (RNG) derived from powergas technologyThis approach may be useful

for policymakersvho are considering more ambitious carbon reductiargets (e.g., 90
percent or 100 percent reductions by 2050)

ESTablel3. Comparison of GHG costs under different approaches (2021 $ per shoriiddpunterfactual #1
AESC 2018 AESC 2021 Difference % Difference
SociabD2aid 2F OIFINbz2y

O2aG€0 G w: RAaOg \otquantfied — $128 - -
Global marginal abatement cost $105 $92 -$13 -12%
New Englanédased marginal abatement o
cost, derived from the electric sector $72 $125 $53 75%
NewEnglandbased marginal abatement Not calculated $493 : :

cost, derived from multiple sectors

Notes: All values shown are levelized over 15 years. All AESC 2021 values except the SCC are levelized using a 0.81 percent
discount rate (SCC uses aecent discount rate). All AESC 2018 values are levelized using a 1.34 percent discount rate, then
converted into 2021 dollars. In AESC 2018, damage costs were discussed, but not quantified. AESC 2018 did not discuss or
estimate a New Englardased margial abatement cost derived from multiple sectors. Values shown above remove energy
prices, but not embedded costs. Values shown above do not include losses.

ESTablel4. Comparison of GHG costs under different approaches (2021scpar kWh)in Counterfactual #1
AESC 2018 AESC 2021 Difference % Difference

{20AFt O2adG 2F OF N o i i
S2adéo i w:r RAgOg Notquantfied 4.87

Global marginal abatement cost 4.64 3.41 -1.23 -26%
New Eng_landnased margmad}batement 283 4.74 101 67%
cost, derived from the electric sector

New Englanébased marginal abatement Not calculated 1972 § §

cost, derived from multiple sectors

Notes: Values shown above remove embedded costs (e.g., RGGI, MA 310 7.74, MA 310 7.75. All values are quoted using a
summer oApeak seasonal marginal emission rate, and include a 9 percent energy loss factor.

In addition, AESE021establishes a noembedded NQ emission cost of $4,700 pershortton, based
on a review of findings in the literaturavhich translates into an avoided wholesale cost fok NO
$0.77per MWh

DRIPE

DRIPE refers to the reduction in prices in the wholesale markets for capadignargy, relative to the
prices forecast in the Reference case, resulting from the reduction in quantities of capacity and of
energy required from those markets due to the impact of efficiency and/or demand response programs.
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Thus, DRIPE is a measuréhef value of efficiency in terms of the reductions in wholesale prices seen by
all retail customers in a given period.

AESC 2021 models DRIPE benafiseciated withheduced demand on electricity (energy and capacity),
natural gas (supply and transporiai), and oil markets. DRIPE results in AEBRCdiffer from those in
AESC 2018 becauseupidated informationchanges in utility longerm energy purchases, updated
market data, and new commadity forecastenerally speaking, we find (a) lovesrergy DRPEand
capacity DRIPE values, due to projections of flatter supply curves compared to AESC &8 (b)
natural gas DRIPE valusige to lower commodity prices and flatter supply curyvasd (cjower oil

DRIPE values, due to changes inuhderlying projection of crude oil prices

Transmission and distribution

In AESC 2021, we present four separate threads for analysis of aw@dsnohission and distribution
(T&D) costs, building on the foundation established in the 2018 AESC and updagrganding the
analysis presented. The four aspects are:

1. Updating the avoided costs for PTF facilibesed on future costs

2. Reviewing utility approaches to generic avoided cost values foRightransmission
and distribution and evaluating these apaiches on a common evaluation rubric to
facilitate crosscomparison and learning;

3. Reviewing utility approaches to calculating geographically localized avoided costs, such
as for nonwire alternatives (NWA); and

4. Developing an approach to the avoided coshafural gas system&D

Of these items, onlthe firstwas performed in AESC 2018. In that study, we found the PTF cost to be
$99 per kWryear(in 2021 dollars). In AESC 2021, we find the PTF valued@dtper kWhyear, a
decreaseof 15 percent. This chage is due t@ switch to a forwardooking methodology, vetis the
historical cosmethodology used in AESC 2018.

Reliability

As in AESC 2018, AESC 2021 examinestawingelectric load levelk canchangereliability in several
ways, which differ amonggeneration, transmisson, and distribution. Our analysis address#é® effect of
increased reserve margins based orgeneration reliability, the potential and obstacles in estimating the
effect of load levels on T&D overloads and outages\arid. We then develop estimates of the value of
increased generation reliability per kilowatt of peak load reduction

In AESC 202 we find a default average VoLL value of $73 per kWh. This value is tdreesimes as

large as the value derived in AESC 2018 ($26 per kWh in 2021 dollars). The change in the VoLL

component is a result of updated information on VoLLs. This VolLénisafiplied to the calculation of

NEBf AloAfAGE 0SYySTAlGa NBa dFECMD ¢sHmate bl@réd aRduyidlearddOa Ay b
benefits linked to improving generation reliability. In AESC 2021, we fiygdSevelized values of
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$0.47 per kWyear fa cleared benefits and $8.45 per ky@ar for uncleared benefits. These are 32

percent lower and 21 percent higher, respectively, than the same values estimated in AESC 2018, after
adjusting for inflation. For cleared reliability, despite a higher VoLlrabh\menefits are lower as a result

of flatter supply curve assumptions for the capacity market. Changes to the capacity market have less of
an impact on uncleared resources, which exist outside the capacity market. As aarsnlirease in

the VoLL prduces an increase in the uncleared reliability value.

New iInAESQ021, weprovide an example methodology to estimate benefits related&®Teliability
This estimate ibased on data for National Grid Massachusetts. This value would likely differ for eac
jurisdiction As a result, the methodology provided can be interpreted as guidance for calculating
avoided costs.

Sensitivities

The following sections detail the inputs and results of the sensitivity analysis. In AESC 2021, we evaluate
avoidedcosts under three different sensitivities. These sensitivities include:

1 A natural gas price sensitivity with higher gas prices than were used in Counterfactual
| M O &dsPrE&Sensitivityy

1 A climate policy sensitivity, where avoided costsdpergy dficiencyare calculated
under a hypothetical regional climate policy with increased levels of electrification and
Of S|y SlyNeWHEHE@limateiPolicy Sensitivity(

1 A climate policy sensitivity which modelsergy efficiencylong with increased levels
2F St SOUNRTAOII (A -MClintatg Rolic) Belditiityd Sy SNA& 6 a! f f

For each of these sensitivity cases, we find the following:

1 Inthe HighGas Price Sensitivitgnergy prices are 27 percent higher, capacity prices are
2 percent lower, RPS compl@ncosts are 8 percent lower, and rembedded GHG
costs are 21 percent loweAll prices are compared to Counterfactual %1.

1 Inthe NoNewEECIlimate Policy Sensitivitgnergy prices are 4 percent lower, capacity
prices are 52 percent higher, and RP8iglance costs are 12 percent higher. All prices
are compared to Counterfactual #Bhis sensitivity features a new avoided cost (the
incremental regional clean energy polmympliance costor IRCERwhich captures the
incremental cost of the region rehing 90 percent noifossil generation by 2035. This
category increases total levelized avoided costs by 0.9 percent

1 IntheAlkin Climate Policy Sensitivitgnergy prices are 4 percent lower, capacity prices
are 42 percent higher, and RPS compliancescast 11 percent higheAll prices are

4 All of the summary costs describbdreare framed in terms of 1§ear levelized costs for summer-peak for the WCMA
region.
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compared to Counterfactual #2. The new IRCEP cost category increases total avoided
costs by 0.4 percent, all else being equal.

In the HighGas Price Sensitivjtgnergy prices are higher due to higher gas pricéschwis the fuel that
powers the marginal resource in most hours. The-eatbedded GHG cost is lower because one of the
inputs to this value is the energy pri@ie situations like this one, where the n@mbedded GHG cost is
based on the New Englastterived marginal abatement costlsenerally speaking, higher energy prices
will produce lowemon-embedded GHG costs.

In the climate policy sensitivities, we find that energy prices typically only have minor changes relative to
the comparative counterfactuaCapacity prices tend to be much higher, and are largely causkidjby
capacity prices in the earlyo mid-2030s In these years, the system switches to winter peaking and
demand increases quickly. Costs of RPS compliance are also higher due to indesased for

electricity. Finallyye find that the additional cost of compliance associated with the region reaching 90
percent nonfossil generation by 2035 is lpwn a levelized basihis is due to several factors, including

the fact that many statesiiNew England are already reaching very high-fossil percentages by 2035,

and because the cost of compliance is zero in the teran (as the policy does not come into effect

until the mid-2020s)
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The followingsections first discuss the drivers of natural gas commaodity prices (i.e., thedongprice

for natural gas at Henry Hub and other price points upstream of New England). The wholesale natural

gas price is the market price of gas that is sold to locéildigion companies (LDC), electricity

generators, and other large erubkers at interstate pipeline delivery poinighe discussion then

addresses factors impacting the price basis for natural gas sold in New England and ends with a

discussion of the methinlogy used to quantify avoided costs of natural gas. The avoided cost of gas at

I NBGFAEf Odzadi2YSNRA YSGUSNI KFa Gg2 O2YLRYySyiday om0
GOAGEIILGS O02aGé¢0T YR 6HUO GKS (92 ARISKRS OGNl 2AFt  RYSH N
with previous versions of AESC, natural gas avoided costs are presented with and without the retail

margin

Natural gas prices in AESC 2021 are significantly lower than in AESC 2018. Lower price forecasts have
been a persisteintrend over the past decade as a result of assumptions in the AEO Reference cases that
were too conservativén terms ofshale gas reservegroductivity, drilling costsand production growth.

2.1. Introduction

Thedampening effect of th&€€ OVIBEL9 pandemicon end-use consumedemand for natural gas and
other fuels resulted in 2020 experiencing the lowest Henry Hub prices in over two decades. Producers
reacted to thisreduction in demandy shuttingin production and reducing drillingdowever, bw gas
pricescaused natural gafired generation to takenarket share from codired electric generation and
madeliquified natural gasL(NG exportsfrom the Lhited Stateshighly attractive. As a resuliptal
demandfor natural gas in 202@as nearly identical to 2. As the supphdemand balance began to
tighten in the fall of 2020Henry Hub prices began to escalate, providing producers an incentive to
increase drilling and production, bdampening the economics gasfired electric generation. Against
this backlrop, thelatest Annual Energy OutloglAEO) published bythe EIAIn early February 2021,
projectsa slow returni 2 @& y 2 N | £ I &lastingeRRettOdn thé eh& gy Setgficin the COVID
19 pandemicAEO projects that it will take until 2023 foataral gas productioto return to its pre
pandemic peakand that it will take until 2026 for domestic consumption to reach a new p@sakr the
longer term, the projections for gas prices in AEO 2021 are not substantially different than prices
projectedin AEO 2020

Responses to the pandemic in the physical natural gas market were not mimicked by the financial
marketor trading activity during 2020. This meant that trading was not substantially different from the
LINA 2 NJ @ S NDa NIEO 20RTFprojcks Thit pricedllbkgida susiaimedebound in 2025 as

5 While Federal Energy Regulatory Commission (FERC) Form §52¢itinrted record volumes in 201C@hicago Mercantile
ExchangéCMExnd Intercontinental Exchang@CE) reported slightly lower trading volumes. Natural gas is also traded on
other platforms, such as NASDAQ.
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producers pursue lessconomic reservesrices and financial trading volumes continue to indicate a
very activemarket, anchored by NYMEX Henry Hub futrésthough prices and ouibksfluctuate,
there remainsan active wholesale natural gas market in New England for gas that is sold to LDCs,
electricity generators, and other large enders at interstate pipeline delivery pointdote thatrecent
energy market disruptions and ma&conomic impacts due to the COVID pandemic widen the
uncertainty band of any price forecast.

2.2. Gaspricesand commodity costs

The following sections provide an overviewhistorical natural gas prices and projected future
wholesale natural gagrices.

Background

The U.S. fuel extraction industry appeargbt its prime at the start of the 24century, but early inthe

2010s shale gas and aluddenly becaman industrywith significant growth potential. Ordewf-

magnitude drilling economics pnovementshaveOK I Yy 3SR G KS Y I NHoth fatueal gahdS NO S LIG A
and crude oifrom increasingcostcommaodiiesto flat-to-decliningcostcommodities Capital became

widely available to smaland mediumsizaed companies willing to expand drilling in neslvale and tight

sand formations, to build new processing and transport infrastructure, and to consume growing gas

volumes in domestic sectors or export the surplus to growing overseas LNG markets. Indeed, in 2000 the
United Statesconsumed about 64illion cubic feet per day (Bcfdf natural gasof which10 Bcfper day

was imported while in2020consumption was abou83 Bcfdand over 7 Betl was exported?

In thethree years sincéhe AESC 2018nalysisthese trendshave beerextendedthroughsignificant
production growth, mainlyn Texas and Appalachi@his time period has also seamtreasing domestic
consumption mainlythroughelectric generationand sirging exports of LN@hich are primariljfrom
new terminals on the Gulf Coast and EmstSeaboard. However, the upstream (production) $ide
seena geographical shift. Natural gas in Appalachia had been in surplus for several years bélzagsse

6 NYMEX Henry Hub futures prices are tradadl?0 months out. There are also futures prices and price differentials (basis)
for other regionahaturalgas hubs traded on the NYMEX or other organized excha@igeserstone Research:
Characteristics of U.S. Natural Gas Transa¢tlah2020) reportethat trading volumes during the first of this year indicate
and increase in 2020; p. 10.

7 Prices guoted on the NYMEX and other active futures exchanges represent a collective market view of supply and demand
conditions in the future. However, there igiak when using any price forecast in business deciskRimgsical players such as
LDCs and producers purchase or sell futures to hedge price risk. A futures contract provides insurance against ptyce volatili
Buying and selling entities including tradénow they run the risk that they will incur an opportunity aobuying or selling
at too low or too high a price. To many, this is an acceptable risk, giving up potential profits for a known price. Oghers ma
prefer purchasing derivative financial ingtnents that can be used to cover some of the opportunity cost risks; for example,
protective collars can be purchased that provide additional downside or upside price protection, and the risk of purchasing
too much or too little gas due to adverse weatloan be hedged via weather derivatives

8u.s. ElANatural Gas Annuahvailable ahttps://www.eia.gov/naturalgas/annual/The 2019 edition was released on
September 30, 2020. Historical data is gull K S R A ylonihlg BnergylRevizd
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in pipeline infrastructure, resulting in falling prices in the region. Simultaneouslyphighces created

a boom in shale oil plays, mainly in the Permian Basin. Surging oil production also resulted in a large
increase in associated gas productfoBince the beginning of 201Bermian gas production has more
than doubled compared tca 30 percentincrease in Appalachian volumésowever, drilling activity
dropped sharply in the second and third quarters of 2020 resulting in a decline in associated gas
production and a flattening of Appalachian output

All the primary gas markets were afted by these production shifts, by new infrastructuaaed by new
gasfired electric generation. In New England, for example;fgad power now accounts for about half

of the installed generating capacity in the-state regionwhich isthree times wiat it was 20 years ago.
Volumes also increased at most gas trading hubs and the ability to arbitrage regional price differentials
rose with additional pipeline capacity and new commodity trading platforms. Although a few small,
incremental pipeline projestwere added over the past few years, New Engtaraided largescale
investments in natural gas infrastructyneonetheless, the region still exhibited a downward pgese

trend over the past decade.

Over the past two yearshe New England gas markess seen a small increaggeeSection2.3. New
England natural gas marketHowever, the primary sources of gas supply to Newaadghnd the
delivery pipelines are unchanged. As in prior AESC studkesonclude that there are thremain
components to New England gas costs.

1. The natural gas price at the point of purchase at a market trading hub or at the
LINE RdzO( A 2y &IANES é0 GLINGA GBS d2A B @O2YY2RAG& O02aGé0T

2. The pipeline transportation cost from the trading hub or supply area to the LDC citygate
or electric generating plant; and

3. The retail distribution margin from the citygate to teaduseND & 06 dzNJ S NJ (G A LID

Supplyarea natural gasprices

Natural gas consumed in New England is sourced from various points imitee Statesand Canada.
These sources vary depending on the purchasing eatiticontractual arrangemenisas well as

seasonal differences such as storage and IBd6&is purchased at hubs in New England, such as the
Algonquin AGT Hub, or hubs further south, in Canaaa in other locationsAs in the rest of North
America, because of the integrated pipelinetwork, gas prices iNNew Englandre stronglycorrelated

to the Henry Hub benchmark. Therefore, similar to previaESGtudies Henry Hub sengas the
foundation for developing price projections relevant to New England markets. The rationale for this
choice is that Henry Hub has been the U.S. gas price benchmark since the early 1990s and is likely to
continue that role in the foreseeable future. There are many reasons for choosing Henry Hub.

9 Associated natural gas or associattidsolved natural gas is natural gas that occurs in crude oil reservoirs either as free gas
(associated) or as gas in solution with crude oil (dissolved gas).
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1. Foremost, perhaps, is that it the most highly traded nalgyas pricing point in the
United States. According to the Chicago Mercantile Exchange (CME), the NYMEX Henry
| dzo6 O2Yy G NI OG 6 & @& Yadgést physibalcénimodityfutuiels Sontiadtih NR
the world by volumé?® The New York Mercantile Exchange NNEX) trades Henry Hub
monthly gas with contracts extendirigr 120 months

2. Many natural gas purchase and sales contracts for natural gas are tied to the NYMEX
Henry Hub price because of transparency and liquidity. Moreover, they allow market
participantsthe ability to hedge and to manage risk.

3. For many of the other trading points (hubs) throughout thateld StatesHenry Hub
serves as the derivative pricing market in the form of basis trades, i.e., the difference
between the Henry Hub price and the mriat a different hub.

4. EIA (inthe AEO) and many other organizations base their price forecasts on Henry Hub.

5. The burgeoning surplus of gas in Appalachia and other regions is being increasingly
funneled to LNG export terminals along the Gulf Coast (Tend&auisiana)-romthe
end of 2017 through 2020, export capadigsincreased from roughly 3 Bcfd to 10 Bcfd.
Nearly 10 percent of U.S. gas demand now comes from LNG sxpithtthe bulk of
that along the Gulf Coast. Pipelines have correspondinglgased capacity to meet
this demand. Even more LNG export capacity is in the planning §tageAEO and most
other forecasts envision that LNG exports will be the marginal market for natural gas at
least over the next decade and that the Henry Hub pripioigt in Louisiana will be a
primary signal in this new market dynamic.

Althoughnatural gagrices quoted by the NYMEX are volatile, they represent the current collective

wisdom of the gas market. Prices change daily as physical buyers and selleraacidlifiplayers

continually assess new data and reformulate expectations about the future gas marketteuar

factors such as storage balances, weaflaed demand and supply expectations have a larger influence

in the front of the price curve. These miinfluence decisions by producers, consumansl investors

GKFG Oy FFFSOG GKS Fdzidz2NBE RSYFYR FyR adzlJi & ol f o
the futures market to reduce the risk of financial losses from price changes, i.einlagkice to buy or

sell gasWith more hedging ithe winter months when gas demand peaks, there is marked seasonality

in natural gadrading. Most hedging is shotterm, i.e, over the nextl2 to 18 monthsso there is more

liquidity (largervolume of transactionsn the near months of th@atural gasnarket). Liquidity falls

significantly beyond 8 months Thussimilar toprevious AESC studidle short-term natural gas price
forecastreliesentirelyon NYMEX Henry Hub futurés.addition we u® the seasonality in monthly

prices observed in th20222023b , a 9 - FdzidzNBa O2YLX SE (2 RS@OSt2L) f 2
Henry Hub gas price over the 202035 studyperiod.

10 petails on theNYMEXenry Hub Contract can be found on the CME website:
http://www.cmegroup.com/trading/energy/nymexnaturatgasfutures.html There is seasonality iheé 12year NYMEX
Henry Hub futures complex and we are using that seasonality to convert the annual AEO forecasts to monthly forecasts.
CME data was downloaded for use in the AESC 2021 Study on February 1, 2021.

Synapse Energy Economics;. AESC 2021 24


http://www.cmegroup.com/trading/energy/nymex-natural-gas-futures.html

As with previous AESC studies, we rely on AE@rigerterm Henry Hub price forecastEhemost
recentcurrent AEO was published fiebruary2021 (AEO 202).1! There are numerous reasons for
choosing AEO for longgéerm price forecasts; foremost is the extensive documentation and
transparency of the inputs and models used by Ehfere are many companiesgresultants and other
organizations that forecast natural gas and other pri¢éswever there is no way to evaluate them
without complete datasets, assumptions, or documentation on model algoritfriieeEIA forecasts
are public, transparent, and incorpate the longterm feedback mechanisms of energy prices upon
supply, demand, and competition among various fuBleviousAESGtudieshaverelied onthe AEO
Reference Case, which generally assumes current legislation and environmental regubgieniisally,
AEO 202 assume government actions for which implementing regulations were available as of the end
of Septembe2020and macroeconomic assumptions based on third and fourth quart2020
assessment$® These macroeconomic assumptions includeéffects of the COVHR9 pandemic on
natural gas and other energy sectors.

EIA has recognized an increased level of uncertainty in its projections due to the impacts of the COVID
19 pandemic on energy markets and the wider econdfrifheCOVIBL9 pandemicrepresents a novel
forecasting challenge. As in previous outlooks,Reéerence case for AEO 2021 is a projection rooted in
experience to date and the current sheand mediumterm economic outlookBut the influence of the
pandemic in this forecast antié necessity of conjecturing what the recovery will look like means that
the longerterm view may be particularlyncertain

TheReference case in AEO 2021 anticipates #@inomywide demand for energy in tinited States

will not return to 2019 levels until 2028.0n average, the Henry Hub price forecast for the AEO 2021

reference case is approximatelyédercent lower than the corresponding forecast from AEO 2020.

Meanwhile, alternative scenarios explored in AEO 2024 A RS Ol aSa¢ 0 OfiffeiigRSNI (G KS
economic growth rates resulting in a return to gpandemic economiactivity andenergy consumption

levelsin shorter or longer order.

For AESC 2024e usethe current NYMEX Henry Hub futures foredastshort-term prices(through
2023) and AEO 20Rfor medium and longterm prices'® We believe that the current NYMEX Henry Hub

11y.s. EIA. 2021. Annual Energy Outlook (&2B2).https://www.eia.gov/outlooks/aeol/

2/ 9¢/ Hnum RATTSNE FNRBY Ala LINBRSOSaaz2NBE Ay GKIG GKS GAYAYS
projection. Previous AESC studies, inyug of their study timeline, frequently used AEO projections that were a year or
moreoutofRIF GS G GKS GAYS 2F 19{/ Q& LlzmtAOFGA2y D

13Assumptions are documented in several reports. Sde! Q& ! 9h | aadzYLXiAzya I
https://www.eia.gov/outlooks/aeo/assumptions/

ys. EIA, 202AEO 2021 narrative, p 4, at https://www.eia.gov/outlooks/aeo/pdf/AEO_Narrative_2021.pdf.
15 1;
Ibid.

16The gas price forecast methodology employed in AESC 2021 differs from that of AESC 2018 only in that we do not transition
from the NYMEX futures value, ustor the preliminary forecast years, to the AEO forecast series for the later forecast years
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price forecast incorporates an independent and collective view of the market supply and demand
balances over the nexhree years It alsoincorporates current expectations on the effects and duration
of the COVIBEL9 pandemic Meanwhile,AEO 202 represents aneutral, third-party projectionof Henry
Hub prices basedn recenttrends and expectationgccounting for theCOVIBEL9 pandemig but

ultimately reflectingconventionaltrends outlasting the impacts of the pandemfdFactors influencing

the longerterm forecasts of energy demarmkyond the period of uncertainty associated with the
COVIEL9 pandemidnclude econond and population growthincreasing reliance on renewables and
consumption of natural gas and electrigignd technological, behavioral, and policy shifts

The following sectioprovides fghlights of the AEO 2QReferencecaseand other AEO cases.

AEQ2021 Referencecase

Compared to the recent pasti¢ AEO 20RPReferencecase projects theU.S. natural gas industry
growing more slowly in the decades ahead. Gas production in thieed Stateqdry gag increased by

57 percentirom 2010to 2019 whileAEO 202 has production growing by only8dercentfrom 2024
205018 Similarly, consumption slows markedly in all sectors. The decline is most pronounced in the
residentialsector, which sees flab-declining gas use in the future

In AEO 202Xeal HenryHub prices (in 281 dollars)are projected to fall from $3.23 per MMBtu in 2021

to $2.78 per MMBtu in 2023. Prices then increase by 2.4 percent per year, reaching a price of $3.68 per

MMBtu in 2035 Producers require higher prices to expand into lessfir@nd more expensivio-
produce areas to meet the growth in gas demand and LNG exports.

Figurel showsthe forecast of Henry Hub pricesed in AESC 2021. As described above, thesemely
current NYMEX futuresiéted February 12021) for prices letween 202 and 203. Prices in 2024
through2035 are based on AEO 2QZFigure 1 alscompares the Henry Hub peased in AESZD21
with the price forecastised inAESQ@018(in 2021 dollars)

with a bridge year calculated by averaging the two series. Instead, we transition directly from NYMEX futures {for 2021
2023) to the AEO forecast series (for 2@24 beyond).

17 bid.

8 NJBas is consumegrade natural gas. Basically, it is natural gas that that has been processed to remove hydrocarbon
liquids and other impurities so that it has uniform properties that make it transportable and useable bysalhwers. Dry
natural gas production equals marketed production less extraction loss
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Figurel. Henry Hub price forecast®¢tuals, NYMEXAESQ@020, and AESC 20118
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As shown irFigurel, Henry Hub natural gas pricagerage34 percent lower in AESC 202@émpared to
AESC 2018ver the 202%2035 periodin general, forecasts of Henry Hub prices have continually
declined over the past decade feeveral reasons.

1. Productivityin shale drilling has been increasing steadily. Average productivity (new well
gas production per riggs reported by Elvas aboutl,284Mcf at the beginning of
2014 Productivitywas3,570Mcfin 9 L Jandary2018 reportand 6,906Mcf in the
latest (2021) report® This trend implies decreasing costs per unit of produgtion
although AEO continues to assume that new supply will not be as productive as in the
past thusrequiring higher prices to induce drilling.

2. A growingportion of gas production has been coming from oil wefisi§ hssaciatéd
natural gas). For oil producers, drilling decisions are based on crude oil prices and any
natural gas sold is considered a byproduct. Depending on gas pipeline availability and
flaring regulations, this gas will be produced at any price as long as crude oil economics
are positive. As new tranches of associated gas are marketedpfteydisplace
existing gas production pressuring gas prices.

3. Realtimeindicatorsare difficult to ignore. Since 201,@&verage gas prices have been on a
downward trend weekly, monthlyand annually. Foexample, the average Henry Hub
spot price for two years prior to the initial 2015 AESC forecast was ab&8 fér
MMBtu (in 2021 dollary while for the2018 report it was $26 per MMBtu For the two
years prior to AESC 2021 (2019 and 2020), the average prick288per MMBtu The
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pastdecade has seen price spikes due to abnormal weather or-$éiort storage
deficits, but projecting a sustained upward price surge is difficult to justify

4. TheCOVIBL9 pandemicinitially exacerbateda bearish price cycle. The average Henry
Hub spot pricdor the 12-monthsendingOctober 2020vas $2.0Qper MMBty, the
lowest in over two decadedhis price signal has led to ne&cord shortterm
production declineshe second and third quarters of 202The market has recognized
this, with NYMEX Henry Hub futures averaging closer to $20MMBtu beginning in
the fourth quarter

Natural gas prices at other upstream supply points

Although Henry Hub is the U.S. natural gas price benchmark, pricegreatly across the nation.
Conditions such as local production, pipeline capacities, storage availability, and demand variability are
some of the many factors that cause this variation. Over the pastiissadesmost supply and

consuming regions developemis hubs, which are liquid pricing points where gas is bought and sold for
immediate or future delivery. There are many hubs in the Northeast, but the critical question is which
ones determine New England's natural gas prices?

Without indigenous productio, New England continues to acquire gas from outside the region via:

1. Six pipeline systems including Tennessee Gas Pipeling dm@&Mgonquin Gas
Transmission (AGT) from the south; Iroquois Gas Transmissi@) i@ the west
through New York State; aMaritimes & Northeast Pipeline (MNP) along with Portland
Natural Gas Transmission (PN8sffom Canada via TransCanada Pipeline (TGE¢).
below for a more detailed description of the six pipeline systems.

2. Two LNG import terminals in the Boston areaifchiy 3 9 EOSt SN} S 9y SNHe& Qa ¢t
DI G6S6Fé& 5SSLIWIGSNIt2NI YR 9EStf2y DSYSNI A2y Qa
Canaport LNG import terminal in New Brunswick, from which regasified LNG can be
piped down MNP into New England.

Pipeline shippers purchase natural gas at various supply or market hubs. This natural gas may be
sourced from the U.S. Gulf Coast, Midwest, Appalachia, and both Eastern and Western Canada;
however, production in the Marcellus/Utica has outstripped natuied gonsumption in the Northeast.
As a result, the physical source of New England pipeline gas is being increasingly supplied from this
nearby basin even if shippers are notionally purchasingrgasdistant supply basins (Gulf Coast,
Western Canada, Peram Basin, etc3? Thus the price at hubs that source Marcellus/Utica gas is
increasingly relevant to New England.

Although sourced from various upstream supply basarsignificant volume of New England gas is
priced at the Algonquin Citygate Hub. A@Eib futures are traded athe Intercontinental Exchange

20 5ince natural gas is fungibleterstate pipelines can displace gas anywhere it enters or leaves the system.
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(ICBand there is a market up to 48 months GAGT spot prices are also quoted in several

publicationg?and on the EIA websif& For 2024 and later years, to calculate future monthly

variation inpricesfor Henry HubAlgonquin Citygateand otherand hubs upstream of New Englamg

average two years of projected monthly data (based on NYMEX) for the period2BR2&#* For Henry

l dz6 2 GKS GakKlLSe 2F GKAa Y2y GKfe @FNRARFGAZ2Y A& LI
Citygate and other hubs, we simply add the average monthly basis to the Henry Hub value.

We havealsoanalyzedhistorical monthly basis data féhese pricing points, allowing us to apply the
seasonalityn monthly prices to our longealerm projections SeeFigure2 for a historical comparison of
gas prices aflgonquin Citygate and Henry Hub.

Figure2. Historical comparison of natural gas prices at Algonquin Citygate Hub and Henry Hub
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NaturalGaslintel.comAvailable ahttps://www.naturalgasintel.com/datssnapshot/dailygpi/.
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24 The term upstream generally refers to hubs and other points closer to the source of gas production
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IN AESC 2021ve use the Texas Eastern Zon&NITETCO M2) price, which is more representativaef t
actual prices paid by New England LBRO® cover the major gas supply sourogs model monthly
prices at the Dawn Ontario Hub and TETCZHJb using a similar methodology as our projection for
the Algonquin Citygate badiseeFigure3). The projected monthly basis values for these habs
assumed taemain constant in real dollar terms over the modeling period.

While often correlated, natural gas prices at each hub will vary, depending on supply, demand and
pipeline capacity, transport costs, and other conditions. There are trading platforms for thbse h
NYMEX trades (TETCQ)Mand Natural Gas Intelligence (NGI) publishes prices for the Dalf Hu

most cases there is both a spot and a futures market of varying lengths at these hubs. Also note that
these price forecasts implicitly assume no nevgdsscale pipeline expansion projects, other than ones
under construction slated over the next yediWVe believe the futures pricassedin this analysiembed

A 2 4 A ~

Ly dzy oAl &SR SadGAYFGS 2F (K Ssupply ptdsSifeidtheSeats&d i S R

Figure3. Historicaland projectedpricesfor AGT Hub, Dawn Hyland TETCO M2 Hub
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25|n AESC 2018e used the Dominion South Point (hub) index to measure gas prittes Marcellus shale producing areas in
and about Pennsylvania.

26NG [ Fad F OOS & & Bawn rotwhkDRixediNatural Gas Rribe ShagsKaturalGasintel.comAvailable at
http://www.naturalgasintel.com/data/data_products/forwar@ontracts?location id=MCWDAWN&region id=midwest
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2.3. New England natural gas market

In addition to the commodity costs discussed abowatural gas avoided costs include tbests of
transmission storage, and peaking resouraeseded tomake gas available where and when it is
consumedThis sectioraddresseshe gassupply resource costs that would be avoided by reducing gas
use anddescribes our methodology for calculatinge avoidednatural gascost by enduse.

Natural gas consumption

Figure4 shows thenatural gas delivered to erdsers in the six Newngland states for the years 2010
through 2019. Growth in residential and commercial consumption has been largely offset by lower gas
use for electricity generation.

Figure4. Historical natural gas deliveries in New England
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Source: Energy Information Administration (EIA). Available at
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Going forward, the AE@021Reference case forecafstr New England shows a smadlarterm

increase in consumption in thesidential, commercial, and industriséctors, then a flattening of gas
consumption from the mie2020s through the mi@030s(seeFigure5). Meanwhile,EIAprojects gas
consumption in the electric power sector to be halved by 2025, then remain at a relatively consistent
level through the mie2030s
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Figure5. AEO2021natural gas consumption forecast for New England

3.0

-
S
20 2.5
wl —
5 -E‘ 2.0
Z 5 .
9 8 Electric Power
_8:3 [.5 IIIIIIIIII Generation
t:  EEGEEENNENERNENN v
A% 10 ]

o
Ogé I I I I I I Residential and
® < 0.5 Commercial
2
©
zZ 0.0

2020 2025 2030 2035
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Recent New England LDC forecasts show annual growth in customer requirements ranging from 0.2
percent to 2.3 percent per year (sdablel). For thel3LDC forecasts shown, the weighted average
increase in requirements over a fiyear period is just under 2 percent per yéAr.

There are several reasons why the LDC forecasts would be different from the EIA forecast:

T ¢KS [5/ TF2NBOI aidrecasiy,Bot foredadtsybfokal/cansumptiorR € F
Planning load customers are sales customers that buy gas from the LDC, and
transportationonly customers that buy gas from marketers that receive upstream
capacity resources from the LDC under retail choic&lpid Ya ® &/ F LI OAGé SESYLI ¢
transportation customers that do not use LDC supply resources are excluded.

1 LDC planning load excludes most gas used for electricity generatiofirésagower
plants in New England typically receive gas supplies directly frantenstate pipeline
or transport gas on an LDC under a special contract that makes them cagremitypt.

1 Some LDCs adjust their forecasts to include potential migration of existing capacity
exempt transportation customers to sales service or capassigned transportation
service. Shifting gas use by existing capaeigmpt transportation customers into

28 Growth rates weighted by the annual planning load forecasts for 2020
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planning load causes the planning load growth rate to be higher thaadhelgrowth
in total consumption.

1 Recent LDC forecasts reflect lower 2020 2681 gas use caused by COY®they
assume that consumption will bounce back later in the forecast period. This would
cause the average annual growth rates for forecasts with a 2020 start date to be
somewhat higher than pre€OVID forecasts, all else bgiequal.

1 Finally, there are questions about the extent to which the econometric forecasts
produced by New England LDCs reflect the future impacts of state initiatives to reduce
GHGemissionsTheMassachusetts Attorney General has suggested that LDCgdheul
required to submit forecasts for periods longer than five years in order to address the
expected transition away from natural gas as a heating¥uel.

Tablel. New England LDC natural gas requirements forecasts

20202021 forecast (MMcf) Case or Docket

Utility CAGR%)

Forecast period

Annual Design Day Number
National Grid (MA) 2.3 136,633 1,425 2020 to 2025 MA DPU 2a.32
Eversource Gas 0.8 48,660 522 2019 to 2024 MA DPU 1935
NSTAR Gas 15 47,907 537 2019 t02024 MA DPU 276
Liberty (MA) 1.0 6,452 77 2020 to 2025 MA DPU2&82
Berkshire Gas 05 6,472 66 2020to 205 MA DPWR20-139
Fitchburg Gas 0.2 2,314 23 2020to 2025 MA DPWR21-10
CT NaturaGas 16 36,124 355 2020 to 2025 CT PURA 182102
Southern CT 12 33,167 325 2020 to 2025 CT PURA 18211-02
Yankee Gas 2.2 56,256 487 2020 to 2025 CT PURA 1820D-02
National Grid (RI) 1.8 36,152 389 2019 to 2025 RI PUC 5043
EnergyNorth 2.3 15,650 165 2017 to 2022 NH PUC DG 1152
Northern Utilities 15 15,628 143 2019 to 2024 NH PUC DG 126
Vermont Gas 0.2 7,162 72 2020 to 203 VT PUC 20520
Total 448557 4,585

Gas supply resources

The natural gas consumed in New England comes from the natural gas pipelines that transfrorngas
producing areas in therited Statesand Canada, and import terminals in Massachusetts and New
Brunswick that receive LNG by ship. A small, but growing amount of natural gas is transported into New
England by truck as either LNG or compressed nagja@(CNG).

Gastransmission [pelines

Sixmajor natural gas pipeline systems deliver gas to New Engteankiets (sed-igure6).

Tennessee Gas Pipeline (TGRYo brancles of the TGPnainline deliver gas intblew EnglandThe
0200 Liné& enters Massachusetts from upstate New York and extends into the BostonTarea00

hFFAOS 2F GKS ! GiG2NySe 8QBpy128l £ Q4 WdzyS nX HAHAN
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Line enters southwestern Connecticut and connects to the 200 airsgawam MA. Lateral pipelines
transport gas into Rhode Island and New Hampshire.

Algonquin Gas Transmission (AGAJTis a regional pipeline that extends from centingw Jersey to
Boston. AGTeceives gas from TGP at Mahwah, NJ and from Millennium Pipeline at RamapGNY.
deliversgas in Connecticut, Rhode Island, and Massachuskits AGT system also includgezb-mile
dzy RSNA S| LJA LISt khgt Sxtendsirkns Weyrnodeb, MA a8 ifitérconnection with
Maritimes & Northeast Pipeline (NP in Salem, MA.

Iroquois Gaslransmission System (IGT&}TS connects with the TransCanada PipeLines system (TCPL)
at Waddington, NYIGTS crosses the southwestern corner of Connecticut before terminating in Long
Island and New York Cit\cTS connects with TGP at Wright, & with AGT at Brookfield, CDirect
deliveries from IGTS into the New England are constrained by the capacity of Connecticut LDCs and
power generators to receive gas at IGTS meters and competition from downstream markets in New
York.

Portland Natural Gas Tramission System (PNGT8NGTS receives natural gas from TCPL at the New
HampshireQuebec borderTCPL delivers this gas using capacity thatitholdsNd- y &/ F y I RIF Q& 06 ¢ N
Quebec and Maritimes)QMpipeline PNGT$onnects withMNPat Westbrook, ME andealivers gas

into TGP at Dracut, MA.

Maritimes & Northeast PipelindMNP): MNP wasoriginallybuilt to transport gagrom offshore Nova
Scotiato Canadian and U.S. markéfsThe U.S. portion of th®INP system extends from the Maine
New Brunswick border tnortheastern Massachusett®NP alsoreceivesgas from the Brunswick
Pipeline, which is the outlet for the Canaport LNG terminal at St. iloNew BrunswickMNP connects
with PNGTS at Westbrook, ME, with TGP at Dracutaddwith AGT at Salem, MA.

TransCanada PipeLin€ECPL)The TCPL mainline extends from Alberta to Quebec. TCPL receives gas in
Alberta and from Enbridge Gas at the Parkway interconnect in southwestern OMa@PL connects
directlyto Vermont Gassystem (VGSand delivers gas into IGTS and PNGTS.

Liquefied natural gas (LNGnport terminals

Imported LNG is received at three terminals located in Massachusetts and New Brunswick.

Distrigas of Massachusett3he Distrigas LNG terminal, located in Everett, MA, delivers gas toABIP
National Grigandthe Mystic Generating plantDistrigas also delivetdNGinto trucks that supply
peakinggasfacilities throughout the regiod?

30 Natural gas production in Nova Scotia ended in 2018.
sl Enbridge Gas (forerly Union Gas Limited) operates the Dawn Hub.

32The Distrigas terminal is owned by an Exelon Corporation subsidiary.
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Northeast GatewayNortheast Gateway is an offshore LNG receiving fatigiyconnecsto the AGT
HubLine Northeast Gateway began operating in 2008, ibdias received only a fewinter-season
shipments in recent years.

Canaport LNGThe Canaport LNG terminal has elés 10 Bcf of storage capacity and can send out
approximately 1Bcfd. Repsol Energy North Aigeerthe Canaport operator, has a letegm contract for
firm transportation service oMNPand uses this capacity to deliver gas at Dracut and Salem, and to
markets in Maine.

Figure6. Natural gas pipeline infrastructure in New England and nearby regions
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Source: Synapse Energy Economics, 2021.

Natural gasdelivery capacity

Total gas delivery capacity into New England increased by rodgidycent from 2018 to 2021 and is

expected grow by another 1.5 percent from 2021 to 2(0&deTable2). For AGT and TGP, we show the

estimated westto-east capacity to deliver gas into New England from New.Yidwk IGTS capacity is an

estimate of the amount of gas that can be received in @gatiout, andit excludes capacity used to

0N} yaLR2NI 3IFa GKNRBAAK bSg 9y3ItlyR (2 R2eya0GNBIY Y
are the receipt capacities GSand PNGTS atthe U/SI Y R 0 2 NRSNXP ¢KS a[ bD 5SL

33 A second offshore LNG receiving terminal, Neptune, was built about the same time, but is now inactive.
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show the certiicated endto-end capacity of the MRpipeline and the estimated sendout capacity of
the Distrigas facility, based on the takevay capacity of the interconnected pipeliné®te thatthe
effective delivery capacity faiNPand Distrigas at any point iimie is likely to be lower than shown in
the table, since it will depend on the availability of LNG supply.

The supply of natural gas to the New England market is also reduced by exports to New Brunswick and
Nova Scotia. EIA reports that 0.25 Bcfd of naltgas flowed into New Brunswick from Maine in 2649.
Canadian LDCs and eusders have contracted for pipeline capacity in the Atlantic Bridge, Portland
XPress, and Westbrook XPress expansion projects.

Table2. Historical and Projeted Natural gas delivery capacitinto New England (Bcfd)
JAN 2018 JAN 2021 JAN 2024

AGT 1.82 1.91 1.91
TGP 1.39 1.39 1.42
IGTS 0.26 0.26 0.26
West-to-East 3.47 3.56 3.59
PNGTS 0.21 0.32 0.40
VGS 0.07 0.08 0.08
TCPL Direct 0.28 0.40 0.48
MNP 0.83 0.83 0.83
Distrigas 0.70 0.70 0.70
LNG Dependent 1.53 1.53 1.53

Table3 provides details on recent and planned pipeline expansion projects that affect gas delivery
capacity into the New England market

34U.S. EIA. Lastaccessed MaEh 9H nH M ® ¢! ®{ ® b | GAUENIIX NIDE 50 & ESelgavdlidilab® & RO BSH ® ¢
https://www.eia.gov/dnav/ng/ng_move poe2 a EPGO ENP_ Mmcf a.htm
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Table3. Recent and planned New Englapgeline expansions
Capacity
(Bcfd)

AGT AIM 0.342

Pipeline Project Description Status

Expand from Ramapo, NY t(
New England citygates
Expand fro_m Wright, NY to C Completed in 2017

citygates
Expand from Ramapo, NY tc Added 0.040 Bcfd in 2017, 0.09:
Salem, MA Bcfd in 2019
Upgrade compression and Lateral completed 2020.
expand Agawam, MA lateral Compression planned f@021
Expand from Canadian borde 1ot 2018, 2019, and 202
to Dracut, NA
Westbrook Expand from Canadian borde Added0.043 Bcfd in 2020Phases

FHETS XPress Oi2ze to Westbrook, MA and Dracu Il and Il in 2021 and 2022.

Total - 0.761 - -

Completed early 2017
TGP CT Expansion 0.072
AGT Atlantic Bridge 0.133
TGP 261 Upgrades 0.027

PNGTS Portland XPress 0.064

Peakingfacilities

Most New England LDCs operatesystem peaking facilities that inject either vaporized LNG or
propane into the distribution system during periods of high gas demandT(able4). The total design
day production capacity for these facilities is approximatebBfd. Many of the LDC peaking facilities
have onsite storage, but others are satellite facilities that veég midwinter refill by truck.

Table4. New England LDC peaking facilities

Aggregate Delivery Aggregate Storage

Gas Utility Type Number of facilities Capacity (Bef/day) Capacity (Bcf)
National Grid (MA) LNG 7 0.508 4.934
Eversource Gas LNG 4 0.112 1.688
NSTAR Gas LNG 2 0.210 3.650
Liberty (MA) LNG 1 0.018 0.165
Berkshire Gas LNG 1 0.003 0.010
Fitchburg Gas LNG 1 0.003 0.003
CT Naturazas LNG 1 0.105 1.142
Southern CT LNG 1 0.082 1.142
Yankee Gas LNG 1 0.105 1.200
National Grid (RI) LNG 2 0.174 2.462
EnergyNorth LNG 3 0.013 0.013
Northern Utilities LNG 1 0.006 0.012
Eversource Gas Propane 4 0.058 0.137
Berkshire Gas Propane 3 0.008 0.053
Fitchburg Gas Propane 1 0.011 0.030
EnergyNorth Propane 3 0.035 0.108
Vermont Gas Propane 1 0.008 0.015
Total 1.459 16.764
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Compressed natural gas

Several companies operate compression facilities in New England that filclapgeity truck trailers

with CNG®*® The primary customers for trucked CNG are industrial and large commercialsensithat

would not otherwise have accessnatural gas. LDCs can also use CNG as a winter peaking resource, or
as a source of gas supply for isolated market af@as.

CNG caexpand the natural gas market by allowing large -esdrs to switch to gas from another fuel.
However, the impact that CNG will have on the New England gas market will depend on where the CNG
is producedWhen CNG is produced locally, it can increasentel for pipeline capacity to deliver gas

into the New England region. CNG facilities that are connected to LDCs (iNATGAS, for example, is a firm
sales customer of EnergyNorth) calsoincrease the requirement for gas supply resources and

distribution capcity.Alternatively, CNG that is transported into New England from compression

facilities outside the region can be a source of gas supply that reduces the need for pipeline capacity and
other sources of supply. For example, XNG has modified its Elidggdilify to also receive CNG and

inject gas into the M&N/PNGTS joint facilities pipeline.

Renewable natural gas

RNGs pipelinequality gas that is extracted from landfills, or produced from waste material using
anaerobic digesters. Substituting RNG fatunal gas is a means of reduci@iiGemissions. SeBection
8.1 Nonembedded GHG codts a larger discussion on RNG costs and potentials.

Vermont Gas and Summit Natural Gas of Maine (SNGME) have implemented voluntary sales programs
under which customers can choose to have aipa of their gas consumption backed by RR@oth
programs currently use RNG that is produced outside of New Engftand.

Several projects are proposed or in development that would supply RNG to New England LDCs:

1 An anaerobic digester facility under congtion at a dairy farm in Salisbury, VT is
expected to deliver 180,000 Mcf per year to Vermont &as.

3BNG Advantage has filiies in Milton, VT and Pembroke, NH. Xpress Natural Gas (XNG) has facilities in Eliot, ME and
Baileyville, ME. Innovative Natural Gas (iNATGAS) has facilities in Worcester, MA and Concord, NH.

6Cc2NJ SEF YLE S5 - bD &dzLJLX A S adistitubon sy@em9 Yy SNE& b2 NI KQa YSSySs bl

S7{ dzYYA G bl GdNIt DFa alAySe [Fad F00SaaSR al NDK MANS HAHMD !
summitnaturalgas.comAvailable atttps://www.summitnaturalgasmaine.com/RenewableNaturalGas

38 RNG for the Vermont Gas program comes from a landfill in Quebec and a wastewater treatment plant in lowa. SNGME is
buying RNG attributes from a landfill in Oklahoma.

394 y3adzr NR wSySgloftSaad [Fad I OO0 Vanguarenawadldin. AvailaBleiat H M® hHhD2 2 RNA OK
https://vanguardrenewables.com/portfolidtems/goodrichfarm-salisburyvt/ .
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1 In August 2020 SNGME received Maine PUC approval to buy up to 146,000 Mcf of RNG
per year from Peaks Renewables, Inc., which is developing an anagigdster facility
at a dairy farm in Clinton, M.

1 In 2018, EnergyNorth asked the New Hampshire PUC to approve an agreement to buy
RNG that would be produced at a landfill in Bethlehem, NH. Because of the location of
the landfill, the RNG would l®mpressed, and delivered to EnergyNorth by tréfck.

2.4. Avoided natural gas cost methodology

AESC 2021 uses the same avoided cost methodology used for AESC 2018, as described below.

Avoidablegas supply costs

Gas supplyesourcesare often categared as bseload, intermediategr peaking.Baseload resources,

such as pipeline capacity that exterfdsm outside thelocalmarket area, tend to have a relatively high
fixed cost but a lower variable codthis type of resource is best suited to supplying Higit-factor

uses where gas is consumed at a relatively constant rate throughout the Peaking resources, such

as onsystem LNG, typically have lower fixed costs but higher variable Gb&tse types of resources

are a better fit for gas requirementblat occur on a limited number of days per yelatermediate
resources, such as shemntaul pipeline capacity or a winter season gas storage service, are often used to
support winter heating requirements.

The avoidedatural gas supplgostfor an LDQvill depend on the characteristics of thyas requirement
reduced, and the cost of the marginal resource thvatuld be used to supplgachtype of load For
example, if the load reduction is limited to commercial and industriatineating customers, the
avoided costwill usuallybe the marginal cost of a baseload gas supply resofi@meachange in
residential heating load, the avoided cost is likely to involve a combination of resources, since the
variable gas wmepattern of residential heating customeutilizesa wider rangeof gassupply
resources.

Estimates of the gas supply costs that can be avoided by energy efficiency program aavings
calculated for each state, by region, for each of the following-ese categories:

1. Electric generation
2. Commercidand industrial norheating

3. Commercial and industrial heating

40 ME PUC Docket No. 2620089. SNGME will buy the gas produced byféledity, but not the RNG Attributes. Peaks
Renewables is an affiliate of SNGME.

41NH PUC Docket No. DG-140. EnergyNorth withdrew its application to the NH PUC in February 2020, but did not state that
the project has been abandoned.
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4. Residential heating

5. Residential water heating

6. Residential nofheating

7. All commercial and industrial
8. All residential

9. All retail enduses

We provide avoided natural gamluesby costing periodallowing readers of AESC to develop more
specific avoided costs for other measures not listed above.

Ournatural gas avoided cost methodology has three steps.

Step 1lis to identify the marginal gas supply resoufoeeachload type (i.e.baseload, intermediate, or
peaking) For electric generation, we assume the applicatdéuralgas cost is the New England
wholesale market price. For the retaihd-usecategories, we examindi¢ existing and potential gas
supply resourcethat would potentially be the marginal source of supply.

For each resource that could potentially be increased or decreased in response to a change in gas
requirements, we then estimate the total delivered cost of the resource for each costing period,
expressed in $/MMBI/year. We exclude unavoidableosts. The marginal resource for each costing
periodis assumed tde the resource with the lowest delivered cost over the forecast horizon.

Step 2is to determine the percentage of load for eaghd-usetype that correspond to each costing
period. For all states except Vermont, we use saenesix costing periods uséd AESC 2018s detailed
below:*?

1. Highest 10 days

2. Highest 30 days

3. Highest 90 days

4. Winter (NovembeiMarch)

5. Winter/Shoulder (All months except JuAaigust)
6. Annual Baseload

These costing periods generally correspond to the different types of gas supply resources that New
England LDCs acquire to meet projectediuserequirements. Requirements that extend thrduthe

42Eor Vermont, natual gas avoided costs are estimated for four tinfeuse costing periods: peak day, next highest nine days,
remaining winter (141 days), and summer/shoulder (214 days).
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Annual Baseload and Winter/Shoulder periods are typically met with pipeline capacity from outside the
region. Winter period requirements, and gas requirements that must be met at least 90 days per year,
are often supplied using pipeline capacity frddbaw England supply points or contracts for delivered
gas.The shorterduration requirements are typically supplied usingsystem peaking resources and
contracts for delivered peaking supplies.

The load shares for ea@md-usetype arecalculatedfrom aload curvethat combinesa representative

gas use equation (base use per day and use per heating degreerddi) and a representativelDD
distribution. Thisis illustrated byFigure?7, which shows a sample load curve fioe Commercial and
Industrial Heatinggnd-use categoryThe load share for the Winter costing period, for example, is based
on the amount of gas use thatours at least 151 days per year, minus the gas use that only occurs on
the highest 90 day# resource thatsupplies planning loadequirementsduringthe Winter costing

period would be used an average of 120 days per year, which corresponds to anlaaduaktor of 33
percent.

Figure?. lllustrative commercial and industrial heatintpad shape

LHr'ghest 10 Days

Daily Gas Use

I cl5aseload
| 51 101 151 201 251 301 351
Days

Step 3is to multiply the marginal resource cost for each costing period bgdheespondingoad
percentagesSumming the results @v all costing periods gives the total annual avoided cost for each
end-use This calculation is repeated for eaghd-usetype, for each year of the forecast period as
illustrated inTableb.
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Tableb. lllustrative avoided cost calculation

: : Marginal Resource Cost Weighted Average

Costing Period ($/MMBtu) Share of Annual Gas Usi ($/MMBtu)

(A) (B) (A) x (B)
Annual $4.00 - -
Winter/Shoulder $5.00 60% $3.00
Winter $6.00 25% $1.50
Highest 90 Days $8.50 10% $0.85
Highest 30 Days $15.00 4% $0.60
Highest 10 days $30.00 1% $0.30
ILLUSTRATIMEOIDED COST FOR THISUENDTYHIE $6.25

Assumptions and dataources

The following sections contain information about the assumptions and data sources used to construct
avoided natural gas costs for New England.

New Englandegions

Natural gas avoided costse estimated for three regions: (BputhernNew EnglandConnecticut,
Rhode Island, and Massachusgt{®) northern New England (New Hampshire, Mairend (3)
Vermont.

Load shares

The load shares used for the avoided cost calculation are based on a represed@bdéstribution, as
well asbase use per dagnd use per HDD factors by ende category that were provided by study
sponsorst3 The same load share factors are used for all regions. The proportions of baseload and
temperaturesensitive gas use for the five ende categories are shown Trable6.

Table6. Base use and heating factors bypd-use

Enduse Baseuse Temperature sensitive
(Percen) (Percen)
Residential Heating - 100%
Residential Water Heating 69% 31%
Residential No#Heating 100% -
Commercial & Industrial Heating 21% 79%
Commercial & Industrial NeHeating 68% 32%

Natural gas transmission costs

For AESC 2021, transmission costs are measured using the ratdewmd&ngland LDCs pay to upstream
pipelines for firm transportation serviseThese rates include a fixed reservation charge that is applied

43 This assumes that the daily temperature distributions for the New England statesrilaa,seven though the total annual
HDDs are different in each state.

il Synapse Energy Economice. AESC 2021 42




to the daily contract quantity and a variable charge that is applied to the quantity of gas transported.
Pipelinesh a2 NBOFAY | LISNOSydGr3asS 2F GKS 3IFa GNFYYyaLRNLS
dzy | 002 dzy (i Gée pap@6NE I I &

Because the cost to build new pipeline faigt is generally higher than the costs of the depreciated
FaasSida GKIFEG FNB dzaSR G2 aSi GKS LALStEAySaQ aidly
OKIFNHS KAIKSNI aAyONBYSyGlrfé NIGSEa F2NdheSs & SNIDA
shippers. Shippers that participate in pipeline expansion projects often enter into negotiated rate
agreements that set the transportation rate over the initial contract term.

The avoided cost estimates in AESC 2021 assume thatabBatjust the anount of transmission

service they have under contract when customer requirements change. In a market such as New
England, where natural gas usg LDC planning load customé@rojected to increasgenergy

efficiency measures that reduce gas use shealdse future pipeline expansions to be smaftfefor

pipelines that price new capacity using incremental rates, the avoided transmission tesaciual or
proposedNJ S F2NJ G KS | LILdurke@ inainfinBexpalsibdfpfoject6r tha Cavdas
pipelines, which do not charge incremental rates for new capacity, the avoided cost is measured by the
tariff rate.

Gas resource options for AESC 2021

Based on our review of New England LDC forecasts and resource plans, and othengiabiad filed
with state regulators, we assume that LDCs will obtain additional gas supplies using a combination of the
representative gas resource options described here

Resourcel: Dawn Hulbsupply via TCPL

This supply option includes Enbridge Gas tpanttion service from the Dawn Hub to TCPL, TCPL
service to PNGTS, and service on PNGTS to Dracut. LDCs in southern New England also contract for TGP
service to move gas Dracut to their city gates.

Vermont Gasurrentlyobtains all pipelinadelivered gasupplies from the Dawn Hudnd other Ontario
points through its direct connection to TCRle assume that this will continue.

The costs for this option are based on Enbridge Gas and TCPL 2021 transportation rates and projected
PNGTS expansion costs (3able7). Pipeline costs include the fixed reservation charge, shown as an
average cost per MMBtu, the variable transportation charge, and the percentage of the nasaral g
transported that the pipeline retains for compressor fuel amdccountedfor gas(see pagel6). The

gas commodity cost is the projected Dawn Hub price

44 SeeTable3 for a list of recent and planned pipeline expansion projects
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Table7. Transmission costs for the Dawn Hub capacity path

Transporter Receipt Delivery Fixed Cost  Variable Cost Fuel
($/MMBtu) ($/MMBtu) (Percent)

Enbridge Gas Dawn Hub Parkway 0.09 0.0 0.8%

TCPL Parkway V&S 0.446 0.0 0.9%

TCPL Parkway PNGTS 0.569 0.0 1.5%

PNGTS TCPL Dracut 0.854 0.0 0.7%

TGP Dracut TGP Zone 6 0.137 0.0 0.1%

Rewource 2: Marcellus supply via AGT

This pipeline capacity path extends from the Marcellus shale gas producing areas in Western
Pennsylvania to New England markets. The costs for this path include the Millennium Pipeline
transportation costs from the Marcellus area to Ramapo, NY, and thenmental rates charged for
Atlantic Bridge expansion project for transportation from Ramapo to New Englandofbern New
England, there are additional transportation costs on MNP to deliver gas from the end of the AGT
system to markets in New Hampshaad Maine(seeTable8). The TETCO M2 index is used as the
representative price for Marcellugrea gas supply received by Millennium Pipeline

Table8. Transmission costs for the Marcellus capacity path

Transporter Receipt Delivery Fixed Cost  Variable Cost Fuel
($/MMBtu) ($/MMBtu) (Percent)

Millennium Marcellus Ramapo 0.583 0.002 1.4%

AGT Ramapo Salem 1.805 0.0 2.6%

MNP Salem NH or ME 0.522 0.0 0.9%

Re®surce 3:Dracutsupply via TGBduthernNew England)

Gas is purchased at Dracut, where TGP connects with MNP and PNGTS, and is transported on TGP to the
LDC city gate (s€kable9). LDCs are assumed to contract for wirgeason supply priced at the AGT
Citygates index plus a fixed premium

Table9. Transmission costs for Dracut supply

Fixed Cost  Variable Cost Fuel
($/MMBtu) ($/MMBtu) (Percent)
TGP Dracut TGP Zone 6 0.137 0.0 0.1%

Transporter Receipt Delivery

Resource 4Deliveredgassupplies(northern New England)

Thenorthern New England LDCs that are connected to MNP and PNGTS contract for firm gas winter
season gas supply delivered at their citygates. We assume that the deliveredsgésthe AGT
Citygates price plus a fixed premium.

Resource 50nsystem @akingresourcegnorthern New England and Vermont)

The larger LDCs imorthern New England (Northern Utilities and EnergyNorth) use LNG trucked to
satellite peaking facilities tmeet winter gas requirements. When pepkriod requirements increase,
these LDCs contract for additional LNG supplies to cycle their limitsteohNG storage capacity. These
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LDCs are also considering new LNG facilities to meet future increases itdayeddmand. We assume
that the cost of gas from an LNG peaking facility is the average AGT Citygates price for the peak winter
months, plus a fixed premium. The peaking costs for Vermont are based on a forecast of propane prices.

Other sources of naturalas supply

There are other sources of natural gas supply that do not enter into the AESC 2021 avoided cost
calculations

Undergroundgasstorage

Most New England LDCs hold contracts for seasonal storage service from underground gas storage
facilities locatel in New York, Pennsylvanand Ontario. With the growth of Marcellus shale gas

production, underground storage is used less as a gas supply resource and more as a price hedging and
operational balancing tooBased on our review, LDC decisions to reneteominate these contracts do

not appear to be closely tied to changes in projected customer requirements. As with AESC 2018, we do
not include storage service costs in the natural gas avoided cost estimates

Compressed natural gas

Our review of New England LDC forecasts and supply plans found that several LDCs are considering CNG
as a future gas supply resource, but we did not find evidence that CNG is expected to have a significant
AYLI OG 2y GKS&aS [5/aQ 3Fa adzli e O2aitao

Renewablenatural gas

RNG is both a physical gas supply resource and a means of m@etrgduction goalsAs a supply
resource, several projects that would inject RNG into New England LDC distribution systems are
proposed, or in active development (see Seca® New England natural gas markketr additional
information). Connecticut LDCs are required to have standard RNG interconnection rules to facilitate
future RNG production in that stat®.However, because RNG is valued for its environmental benefits,
RNG is not expected to be a marginal supply resource with ptiothuthat varies with changes in gas
consumption For this reason, local RNG production is not included as a physical supply resource for the
AESC 2021 avoided cost calculations.

There is also a market for RNG attributésermont Gas recently began incladithe cost of purchasing

RNG attributes in the cost of gas adjustmé$iThe VGS Climate Plan includes a goal of red@i@s

by 30 percent by 2030. To reach this goal, VGS estimates that approximately 20 percent of its retail gas
supply will need to be RNG. This includes RNG acquired for its voluntary sales program, and RNG

attribute purchases that are included in system gadsip¢ ® . SOF dz&S +D{ Q wbD I {0NR

45CT PURA Docket Ni&-07-04.
46\/T PUC Case No0.-Q831-TF, Direct Testimony of Todd Lawliss, p. 12.
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tied to increases or decreases in customer requirements, RNG costs are included in the avoided costs for
Vermont

Lost andunaccounted forgas

The total quantity of gas measured at customer meters is generally lower than the measured quantity

the LDC receives into its system because of lost and unaccounted for gas (LAUF). For New England LDCs,
the difference between measured receipts and deligsris typically betweefh and2 percent.LAUF

causes the gas requirement at the LDC citygate to be slightly greatethtbamount delivered to

customers, which increases gas supply coMs.use a LAUF factor of 1.75 percent for all regions outside

of Vamont, and al.0 percentLAUF factor for V&

Natural gadistribution margin

Natural gas distribution systems are designed to meet the projected peak hourly requirements of the

[ 5/ Qa FTANY Odzai2YSNBR® 2KSYy 3l & dzingnew @aing, YJyONB | aAy I3
replacing existing mains with largdrameter pipe, or by replacing older mains with pipe that can be

operated at a higher pressure. Efficiency measures that lower peak gas use avoid the cost of new

facilities and associated increase®jreration and maintenance (O&M) codts

LDC marginal cost studies use econometric analysis and engineering estimates to calculate the
relationship between expenditures for plant and O&M and changes in peak day demand. The results

from these studies are sl to design rates and to set floors for the rates charged under special

contracts. For AESC 2021 we use the results from recent marginal cost studies prepared by New England
LDCs. These are presentedraiblel0, which also shows the avoidable LDC marginsdoithernNew

England that were used for AESC 2618

47 Some maingeplacement projects reduce leakage risk and hence maintenance costs; it is not clear to what extent load
growth results in more mains replacement, as opposedhtanges in the order of replacements

48 AESC 2018 used marginal costs from a recent LDC rate case to estimate the portion of the distribution rate for each class of
customer that was related to changes in system capacity. These percentages were thed &palierage distribution
margins for each New England region. Average distribution margins were calculated by subtracting the citygate natural gas
price from the residential, commercial, and industrial prices that are reported by EIA for each state.
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Table10. Marginaldistribution capacity cosby customer clas$2021$ per MMBtu)

Residential Commercial / Industrial
Company Docket Non ) High Load  Low Load Annual Use
Number . Heatmg (BCf)
Heating Factor Factor

National Grid (Boston Ga  17-170 0.960 1.327 0.861 1.391 95.4
National GridColonial Gas 17-170 1.000 1.418 0.960 1.511 23.8
Berkshire Gas 1840 0.959 1.518 0.661 1.531 7.6
Eversourcé&as 1845 0.453 0.694 0.387 0.744 51.8
NSTAR Gas 19120 1.521 2.205 1.128 2.122 51.7
EnergyNorth DG 26105 0.937 1.607 0.544 1.597 15.7
Northern- Maine 201900092 0.635 0.817 0.301 0.708 10.8

Weighted Average 0.96 1.39 0.78 1.4

AESC 2018 (2013\8MBtu) 0.33 1.09 0.42 0.75

AESQ018 (2021$/MMBtu) 0.35 1.15 0.44 0.79

2.5. Avoided natural gas costby end-use

A summary of the natural gas avoided cost estimates is showahtell, Tablel2, andTablel3.
Avoided costs are developed for three regiossuthernNew England (Connecticut, Massachusetts,
Rhode Island)northern New England (Maine, New Hampshire), and Vermdatmont is shown
separatelybecause it uses a different avoided gas cost methodolblgg results are shown with and
without the avoided LDC margin and are compared to the values from AESC 2018.

Tablel1. Avoided costs of gas for retail customers bgyd-useassuming no avoidable margif2021 $ per
MMBtu)

Residentia Commercial & Industrial .
All retail

Heating All Heating Heating  All end-uses

Non Hot Non

Heating  Water
Southern New England

AESC 2018 $6.16 $8.09 $8.64 $8.16 $6.98 $8.12 $7.62 $7.91
AESC 2021 $4.67 $5.52 $7.42 $6.63 $5.60 $6.86 $6.31 $6.48
2018to 2021 change  -24% -32% -14% -19% -20% -15%  -17% -18%
Northern New England

AESC 2018 $5.95 $7.74 $8.24 $7.80 $6.71 $7.77 $7.31 $7.57
AESC 2021 $4.51 $5.39 $7.38 $6.55 $5.48 $6.79 $6.22  $6.39
2018 to 2021 change  -24% -30% -11% -16% -18% -13%  -15% -16%

Notes: AESC 2018 levelized costs are for 15 yearsc@IB at a discount rate of 1.34 percent. AESC 2021 levelized costs are
for 15 years (2022035) at a discount rate of 0.81 percent.
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Tablel2. Avoided costs of gas for retail customers bgd-useassuming some avoidable marg{2021 $ per
MMBtu)

Residential Commercial & Industrial

Non Hot Non All retail
Heating All . Heating  All end-uses
Heating

Heating  Water
Southern New England

AESQ018 $6.51 $8.31 $9.66 $9.04 $7.37 $8.79 $8.17 $8.61
AESC 2021 $5.63 $6.48 $8.81 $7.86 $6.38 $8.27 $7.45  $7.67
2018 to 2021 change  -14% -22% -9% -13% -13% -6% -9% -11%
Northern New England

AESC 2018 $6.28 $8.06 $9.30 $8.73 $7.01 $8.30 $7.73  $8.06
AESC 2021 $5.47 $6.35 $8.76 $7.79 $6.26 $8.19 $7.35 $7.58
2018 to 2021 change -13% -21% -6% -11% -11% -1% -5% -6%

Notes: AESC 2018 levelized costs are for 15 yearsc@IB at a discount rate of 1.34 perceAESC 2021 levelized costs are
for 15years (202¢2035) at a discount rate of 0.81 percent.

Tablel13. Avoided costs of gas for retail customers bgd-usefor Vermont (2021 $ per MMBtu)

All sectors
: . . Shoulder/
Design Day Peak Days Remaining Winter Summer
Vermont
AESC 2018 $591.58 $27.68 $5.15 $4.72
AESC 2021 $556.10 $17.08 $5.11 $4.75
2018 to 2021 change -6% -38% -1% 1%

Notes: AESC 2018 levelized costs are for 15 yearsg@IB at a discount rate of 1.34 perceAESC 2021 levelized costs are
for 15 years (20292035) at a discount rate of 0.81 percent.

Southern New England and Northern New England

The AESC 2021 avoided cost estimates are lower than the AESC 2018 estimates, but the change in the
avoided costs is not as large as the change irtery Hub and Algonquin Citygate commodity price

forecasts. The main reason is that the cost of expanding natural gas pipeline capacity into New England
continues to rise. For AESC 2021, the incremental cost to expand capacity on PNGTS is assumed to be
$0.85 per MMBtu, which is 40 percent higher than the transportation charge that was used for AESC
HAaMy ® ¢KS FAYlFf NIGSa OKFNHSR FT2NJ ! D¢Qa !'dGftFydAro
previous estimate. Because pipeline operators recoegital costs and most operating costs through a

fixed monthly charge, the impact of the higher incremental pipeline charges is amplified for lower load

factor enduses, such as residential heating

Comparing the tw&outhern New England and Northern NewgEndregions, because the marginal
gas transmission path used to calculate the avoided costs forrmthern New England angouthern
New England runs from the Dawn Hub in Ontario through northern New Hampshire, additional gas
pipeline charges cause tlaoided costs fosouthernNew Englando be slightly higher. However, the
difference in avoided costs betweasouthernNew England andorthern New England is smaller for
AESC 2021 than for AESC 2018.
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Vermont

The natural gas avoided cost estimates for Vermont usestiteusecosting periods and methodology
developed for previous AESC studies. The Design Day avoided cost is the marginal upgipbaend

delivery cost, plus the marginal LDC transmission cost. The Canadian pipeline tolls that set the upstream
delivery costs foWGSare slightly lower for AESC 2021 than for AESC 2018, due in part to the change in
the Canadian dollar exchange raféhe avoided cost for the remaining nine Peak Days reflects the lower
delivered cost of propane for the VGS peaking facility.
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3. C oL hobBCwofh{ ¢{

In this chapter, we present the avoided fuel oil and other fuel costs used for AESC 2021, compare those
estimates with AESC 2018, and identify the data sources used.

This section analyzes oil prices in $/MMBtu for the four sectors: electric generatgidential,
commercialand industrial. Prices are developed for the following grades: distillate fuel oils (No.2 and
No. 4), residual fuel oils (No. 6), and biofuel blefftalso included are cord wood, wood pellets,
kerosene, and propane in the residaaitheating applications\lew to AESC 202&g also investigate
avoided costs for motor gasoline and diesel used for transportation.

In generalwe find that avoided levelized costs falt fuels considered in this category anederately

higher than whatvas estimated in AESC 2018. In AESC®&6Zallow the EIA Short Term Energy

Outlook (STEQdr one year and then directlyansition to the2021AEO forecasiWe chose thesdata

sources for the neaerm to represent current market conditions and ¢apture the effects of the

COVIBL9 pandemicln contrast, in AESC 2018 we followed the STEO and NYMEX market futures for two
years and then transitioned over several years to the most recent AEO forecast.

3.1. Results and eamparison with AESC 2018

Tablel4 compares the levelized avoided fuel costs for AESC 2021heib used for AESC 2018. Annual
avoided fuel costs are detailed Appendix DDetailed Oil and Other Fuels Outpuibe Synapse Team
based theresultsfor the oitbased fuel®n the most recent New England State Energy Data System
(SEDS) price¥/e then adjustedhe resultsbased on the crude oil price trends as discussed above and
the AEO 2020 Reference Case projections for New England. Residerntiatalsices are2.9 percent
greater, while Commercial distillate prices d# 3percent highermndcommercial residual prices are

8.2 percent lower (this decrease is due to a dinpecent historical prices for this fuel product).

Propane prices arkigher, representing recent increases in the SEDS price #amsene, a fuel with a
very modest market share, shows a significant incrémseed on the most recent SEDS data wiitiee
midway between that of distillate and propane.

Wood pellet prices arabout the samereflectingcurrentmarket conditions. Cord wogavhose price
and quality can vary widelghows a significanpriceincrease based on recent pricddowever, these
pricesare belowthoseof wood pellets. Note that all these prices refl¢ioe fuel heat content and do
not adjust for relative efficiencies and delivered energy. This analysis uses SEDS valuesddirtge
points, adjusted for current and neaerm national prices from STEO. Trices then follow the
trajectory of theAEO2021Referencecase pricegjoing forward™

OEq the purposes of AESC 2021, biofuels blended in heating oil include B5 and B20.
50 Seehttps://www.eia.gov/state/sedsfor more information about thé€EIlA State Energy Data System (SEDS)
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Table1l4. Comparison of avoided costs of retail fuels (§8arlevelized, D21 $per MMBtu)

Residential Commercial Transportation
No. 2 Bio- No. 6
- Pro- Kero Cord Wood No. 2 . Motor Motor
Distilk Fuel o Resil- ; :
pane sene Wood Pellets | Distillate Gasoline Diesel
ate (B20) ual
AESC 2018 $23.36 $32.78  $20.95 $24.06 $14.12 $22.76| $19.46 $17.13 - -
AESC 2021 $24.04 $38.79  $29.59 $21.64 $20.84 $22.47| $22.25 $15.74 | $22.07 $22.76

Percentchange 2.9% 18.3% 41.3% -10.1% 47.6% -1.3% | 14.3% -8.2% - -

3.2. Forecasbof crude oll prices

The primary factor driving avoided fuel oil costs and fuel oil prices is the price of crude oil. For AESC
HAHMYE ¢S NB fadd pojgctiohd florR he01MBChReference case (see Chapter
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Avoided Natural GaSostsfor more information about the analogous gas price forecast). Thisisilar
methodology to that used in the 2018 AESC study.

Fornearterm projections in AESC 202ie rely on data from thenost recent STEO forecast for West
Texas Intermediate (WTI) crude oil. We theamsition to theAEQ2021Referencecase price practions

in 2022.The approach is similar to that used for the natural gas price forecasit, differsin that the
markets have different sources of production and distribution. The oil markets are much more global
and fluid than those for natural gas.

The COVIR9 pandemic has reduced fossil fuel consumption waride and prices have fallen as
supply exceeds demand. In tAanuary 202&dition of the ST, the oil price forecast iabout $45per
barrelthrough 2022 However, the uncertainty is quitarge as shown irFigure8. We also reviewed the
NYMEX oil futures for WTI (sEgure9), whichwere occasionally used in past AESC studieslfost or

to verify the forecastThese values are similar to the January 2021 STEO in the near term, but then
declinein both nominal and real dollar terms. This is odd market behavior anoigftg not indicative of
likely future prices. Thus we make no use of this informatiohE$C 202Eor shortterm prices, we
ultimately rely onthe STEQorecastbecausdhat incorporates an informed analysis of a wide variety of
data, including the futues>*

120 95% NYMEX
futures price
100 West Texas *® confidence

Intermediate (WTI) spot price '_..o"' interval

80 /..u' upper bound

Dollars per barrel

60 STEO forecast
NYMEX
40 futures price
20 W eer0ea. g 95% NYMEX
futures price
confidence
0 T T T T T T interval
2016 2017 2018 2019 2020 2021 2022 lower bound

Figure8. Forecast for West Texas Intermediate crudewith NYMEX confidence intervals

Source Reproduced from théganuary 2028 RA (1 A 2 Y 2Term3@EhergR@utlok RvallEble at
https://www.eia.gov/outlooks/steo/Retrievedlanuary 3020219 L !  y2GSY &/ 2y FARSYy OS Ay iSNBIf RS
information for the fivarading days ending Jan 7, 2021. Intervals not calculated for months with sparse trading-theaear

Y2y Se 2LJiA2ya O2y (iN» OGaowé

Slio{ o 9L @ [F&ad I 008aaSR al NDKeiagovBvailableam @ ¢ { K2 NI ¢ SNY 9y SNHS
https://www.eia.gov/outlooks/steo/marketreview/crude.php
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Figure9. NYMEX oil futures for West Texas Intermediate (WTI) crude oil
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SourceCME Grouhttps://www.cmegroup.com/marketlata/settlements.html?redirect=/market
data/settlements/index.htmlRetrieved-ebruary 2, 2021

Figure 10 shows prices fowTlcrude oil from a number of scenarios in ABEI2152 Qil prices rise

modestly in the Reference case but difeerbstantiallyin the High and Low Qil Price scenarios. This
represents the uncertainty about future oil pricéfie 2020 price of oil in AEO 2021 (about $40 per
barrel) is about twethirds the price projected in AEO 2080t increases up to similar levels by 2030

52 AEO 2020 does not present WWTlide oil prices. Price shown for AEO 2020 is for Brent.
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Figure 10. Oil prices projected in variouAEO2021scenarios
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The current shorterm forecasts and futures markets do not indicate much increase in crude oil prices
over the next several years. However, AEO projections are baskshdamental resource base

analyses, and thus it is reasonable to expect higher future oil prnidke® medium to longerm. For

AESC 2021, we use ST&Qhe nearterm (2021) and AEO 2021 for theedium and longerms (2022

and all subsequent year&eeFigurell). The annual real rate of price increase is about 2 percent per
year.This forecast is not meant to predict the actual price in any given year, but ratheptesent a
mid-point average of fluctuating prices.
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Figurell. Crude oil prices, historical, forecast, and AESC 2021

3.3. Forecast of fuel prices

For AESC 2021, starting prices for fuel prices for electric generation anceatheses are based on
historical prices for the various fuels and sectors from SEDS &xel5). SEDS represents a
comprehensive compilation of the actual prices andstonption. For the electric sector, we verify this
with the EIA database of fuel costs for electric generation. Investigation of recent wood forioels
delivered wood pellets to be in the range of §i& MMBtu.>3 Prices for cord wood and wood chips at
the residential level are not readily available and vary widely both in cost and heat value.

5Fa4GF Ay 9L! Qa {95{ RIGFrolFasS Aa LINRPOA&SIBof  (GKS &
historical data to detemine if there are significant variations between the New England states. No

consistent and significant state variations are apparent, and except for propane, prices in New England
closely resemble national average prices.

8Bh86 1L YLMKANB hTFAOS 2F {dGNIGS3IAO LyAdGAFGASSAad acCdSt t NAO

https://www.nh.gov/osi/energy/energynh/fuel-prices/index.htm
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